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The OS/ 8 Operating System is a sophisticated operating system

designed for the PDP-8/E computer. This system permits use of

a wide range of peripherals and all available core up to 32K. OS/8
offers a versatile Keyboard Monitor that supervises a comprehen-

sive library of system programs. These features make OS/8 a sig-

nificant improvement in small computer operating systems.

OS/ 8 SYSTEM PROGRAMS
Besides the Monitor facilities, OS/8 includes a library of power-

ful system programs which allow the user to do program develop-

ment using FORTRAN II or assembly language. A brief summary
of the system programs follows:

1. Concise Command" Language (CCL)
CCL provides the user with an extensive set of terminal

Commands. Typical commands available in CCL include:

COPY, DIRECTORY, HELP, RENAME, LIST, DE-
LETE, etc.

2. Symbolic Editor (EDIT)
EDIT is used to create or modify source files for use as in-

put to language processing programs such as PAL8, SABR,
or FORTRAN. EDIT contains powerful text manipulation

commands for quick and easy editing.

3. PAL8 Assembler

PAL 8 is the assembler for the OS/ 8 system. PAL8 accepts

source files in the PAL language and generates absolute

binary files as output. PAL8 also generates listing files which
can be used as input to CREF.

4. Peripheral Interchange Program (PIP)

PIP allows the user to transfer files between devices which
are in the OS/ 8 system. Complete file and directory main-
tenance functions are available in PIP.
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5. Absolute-Binary Loader(ABSLDR).
ABSLDR'accepts the binary output fifes produced by PAL8
and loads them into core.

6. Octal Debugging Technique (ODT)
ODT is a powerful octal debugging tool. All of the fea-

tures of older versions of ODT are implemented,' but the

OS/ 8 version is designed so that no user core is needed.

7. File-Oriented Transfer Program (FOTP)
FOTP allows the user to transfer groups of files between

two OS/ 8 file-structured devices with* minimal terminal

interaction and device overhead, e.g.,, all ASCII files can

be transferred between a DECtape and disk with one ter-

minal command.

8. Cross Reference (CREF)
CREF operates on the listings produced by PAL8 and

SABR. It produces a sequence numbered listing and a table

indicating where each user-defined tag and literal is

-referenced.

9. DIRECT
DIRECT allows the user to print extended directory listings.

10. BOOT
The BOOT program loads the standard hardware boot-

straps into core.

1 1. Cassette/Magtape Positioner (CAMP)
CAMP allows the user to manipulate cassettes and mag-

netic tapes.

12. Resources (RESORC)
RESORC integrates system monitor tables and prints a

listing of active device handlers.

13. Magtape/Cassette PIP (MCPIP)

MCPIP is a file transfer program to be used with cassettes

and magnetic tapes.

14. PIP 10

PIP 10 is a file transfer program which reads and writes

PDP-10 ASCII DECtape files using a TC08 or TD8E
DECtape controller.
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15. FORTRAN II

The OS/ 8 system contains an extensive and powerful

FORTRAN package, consisting of the FORTRAN com-

piler, SABR assembler, Linking Loader, and Library func-

tion routines. Some of the many features of FORTRAN II

are:

a. FORTRAN II is very easy to use. If desired, a FOR-
TRAN source program can be compiled, loaded, and

executed with a single terminal command.

b. Implied DO loops are permitted in FORTRAN II.

c. FORTRAN II contains facilities to do program chain-

ing; this technique can be used to increase the effective

program size.

d. Device independent I/O is available, as well as the stan-

dard devices (console terminal, high-speed reader/

punch, card reader, and line printer).

16. Library Setup (LIBSET)

OS/8 LIBSET allows the user to create his own FOR-
TRAN II run-time libraries. The standard library supplied

with the system is LIB 8. By using LIBSET, the user can

write his own routines in SABR and create a library.

17. System Build (BUILD)
BUILD allows rapid and easy alteration of the device con-

figuration in the system. New devices can be inserted by

simple keyboard commands. BUILD also makes interfacing

user-coded device handlers a quick and easy job.

OTHER PROGRAMS AVAILABLE WITH OS/

8

In addition to the standard OS/ 8 system programs listed previ-

ously, the following programs are available with OS/ 8:

BASIC
BATCH
TECO
FORTRAN IV

BASIC, BATCH, and TECO are provided in a single extension

kit. OS/ 8 BASIC is an interactive language with a variety of ap-

plications. It contains such features as chaining, string manipulation,

and file-oriented input/output. Also included with BASIC are cer-

tain functions for use on the LAB-8/E.



OS/ 8 BATCH provides the user with a batch processing mon-
itor that is integrated into the OS/ 8 Monitor structure. The system

is organized in such a way that it may be used in either a keyboard

input configuration or as a batch stream processor. BATCH per-

mits the user to prepare his job on punched cards, high-speed

paper tape, or the OS/ 8 system device and leave it for the com-
puter operator to start and run.

OS/ 8 TECO is a powerful text editing and correcting program
that runs under the OS/ 8 operating system. TECO may be used

to edit any ASCII text such as program listings, manuscripts, cor-

respondence, etc.

OS/8 FORTRAN IV provides full ANSI FORTRAN IV under

the OS/8 operating system. The system is highly optimized with

respect to memory requirements, and an overlay feature is in-

cluded that can permit programs requiring up to 300K of virtual

storage to run on a PDP-8 or PDP-12. The library functions per-

mit the user to access a number of laboratory peripherals, to evalu-

ate a number of transcendental functions, to manipulate alpha-

numeric strings, and to output to a standard incremental plotter.

OS/8 I/O DEVICES
OS/8 provides true device-independence. For the first time on

a PDP-8 computer, programs can be written without concern for

specific I/O devices. In running a program, the user can select the

most effective I/O devices available. Further, if the system con-

figuration is altered, programs need not be rewritten to take advan-

tage of the new configuration.

The OS/ 8 system controls the copying of data from any medium

to any other medium by means of subroutine calls to execute I/O

routines. Logical names can be assigned to devices within the sys-

tem to enable symbolic referencing of devices.

Variable length I/O buffers can be specified by the user program.

Large buffers ensure efficient use of storage devices and a minimum
of time spent in data transfer operations by minimizing disk and

tape motion. OS/8 takes full advantage of the RK8E disk pack for

fast bulk storage, yet full system services are possible with a single

DECtape.
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HARDWARE CONFIGURATIONS
The OS/8 system can operate with a wide variety of devices as

the system device. 1 The devices which can be used are:

TC01/TC08 DECtape
LINCtape (PDP-12)

TD8E DECtape
DF32/RF08 disk

RK8Edisk
RK8 disk

TD8E DECtape can be used either with 12K words of core
memory or with 8K words of core memory and 256 words of
Read-Only-Memory (ROM).

If DF32 is the system device, at least 64K (2 platters) must be
available. In addition,' if disk is the system device, cassettes or the
high-speed reader/punch provides a very useful tool.

The minimum OS/8 configuration is a PDP-8 series computer
with 8K words of core memory, one DECtape used as the system
device, and a console terminal. A multiple DECtape system per-
forms appreciably faster than a single DECtape system. The mul-
tiple DECtape system reduces DECtape motion since it is possible
to copy directly (without intermediate searching) from the system
DECtape to another DECtape (or vice versa) when editing or
assembling.

A typical medium-sized system might contain a PDP-8/E with
at least 8K words of core memory, TD8E DECtape and control,
and an RK8E disk pack and control. A disk system offers the addi-
tional convenience of easy and fast access to files and large
amounts of storage.

Up to 15 devices can be interfaced to a single OS/8 system.
These optional devices include:

As many as 8 DECtape units (TC01/TU55, TC08/TU56 or
TD8E/TU56.

TA8E/TU60 cassette units

TM8E/TU10 magnetic tape units

x The term system device refers to the device on which the OS/ 8 system
resides and which it utilizes for system functions. Thus, DECtape unit
is the system device for a DECtape-based system. A nonsystem device is
any peripheral not specifically used for system functions, such as LPT-
PTR:, DTA2:, etc.

''
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High-speed paper tape reader/punch.

Up to four RK8E disks.

Up to four RK8 disks.

Up to four RS08 disks.

Up to four DF32 disks.

Card reader (optical mark or punched cards)

.

Line printer.

PDP-12 LINCtape.

PDP-12 scope.

Any other device for which it is impossible to write a device

handler in one or two pages of core.

SYSTEM SOFTWARE COMPONENTS
The main software components of the OS/8 system are five:

Keyboard Monitor

Command Decoder

Library of system programs

Device handlers

User-Service Routine (USR)

The Keyboard Monitor provides communication between the

user and the OS/8 executive routines by accepting commands from

the console terminal. The commands enable the user to create log-

ical names for devices, run system and user programs, save pro-

grams, and call ODT.
The Command Decoder allows the user to communicate with a

system library program by accepting a command string from the

keyboard indicating input/output files. Following the keyboard

command to run a system library program, the Command De-

coder prints an asterisk (*) and then accepts the command line

containing the files to be used as input, file name, and destination

of output, etc.

The library of system programs contains the programs mentioned

previously and any of the extension programs chosen by the user.

Device handlers are subroutines designed to transfer data to

and from peripheral devices. OS/ 8 is able to interface with as many

as 15 different peripherals at a time. During system generation,

device handlers become an integral part of the system; both system

and user programs have access to any available device. (The

BUILD program allows quick and easy alteration of any avail-

able device.)
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The User Service Routine (USR) control the directory operations

for the OS/8 system. A program can use the USR by means of

standard subroutine calls such as those used to activate device

handler subroutines. Some of the functions performed by the USR
are loading device handlers, searching file directories, creating and
closing output files, calling the Command Decoder, and chaining

of programs. The details on the operation and use of the USR are

contained in the OS/8 Software Support Manual (DEC-S8-
OSSMB-A-D). For normal OS/8 usage, the USR function is un-

seen by the user and need be of no concern.

When OS/8 is operating, the Command Decoder, Keyboard
Monitor, and USR are swapped into core from the system device

as required, and when their operation has been completed, the

previous contents of core are restored.

The core-resident portion of OS/ 8 is extremely small (256
words), allowing for a maximum use of core by user programs.

USING THE OS/ 8 HANDBOOK
The OS/Handbook provides a complete user's guide for the

OS/ 8 operating system and system programs. The handbook is

divided into three parts. Part one contains detailed instructions for

getting a new OS/8 system running. Also included in part one are

the fundamentals of OS/ 8, including the Keyboard Monitor, Con-
cise Command Language (CCL), Command Decoder, the Abso-
lute Loader (ABSLDR), Octal Debugging Technique (ODT), and
Peripheral Interchange Program (PIP). The user must have a

complete understanding of the material contained in Chapter 1 to

use the OS/8 operating system.

Part two contains complete descriptions of the OS/8 utility

programs. These programs allow the user to perform a variety of

editing, I/O transfers, system generation, and file-oriented oper-
ations.

Part three describes the assemblers available with OS/8: PAL8,
SABR, FLAP, and RALF.

Part four describes the higher-level languages which can be run
under OS/8: BASIC, FORTRAN II, and FORTRAN IV.
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os/8 fundamentals

GETTING ON LINE WITH OS/8
OS/8 software is distributed to the user in a form appropriate

for his particular hardware configuration. The general system

categories are DECtape (LINCtape), cassette, and paper tape.

This section provides the information that the user of any of these

types of systems needs to start using OS/ 8. The procedures for

bootstrapping a disk system and for restarting OS/ 8 are also con-

tained in this section. To get on line with OS/ 8 when the system

is first installed, refer to the section on the specific distribution

media.

DECtape Systems

This category includes TC01/TC08, TD8E, and LINCtape
(PDP-12) hardware configurations. Since the software is supplied

on a system DECtape (or LINCtape), it is not necessary to build

an initial system, as it is when using cassettes or paper tapes.

Two tapes are distributed with each DECtape (LINCtape)

system. System Tape #1 contains the system programs and all

OS/8 Monitor functions. System Tape #2 contains TDINIT.SV
(used in TD8E system initialization) and two TD8E DECtape
monitor images (8K ROM and 12K). Other files on this second

tape are the device handlers in a format suitable for the OS/8
BUILD program. Each file contains a handler for a specific device

type. These files are to be used as input for the LOAD command
in BUILD and are described in the BUILD section of Chapter 2.

In addition to these files, the tape also contains relocatable binary

files of the FORTRAN II library subroutines. LIBSET, the FOR-
TRAN II librarian, is used to create a FORTRAN II library as

described in Chapter 7.

Finally, the tape contains several OS/ 8 help files (.HL exten-

sion). These help files are intended to provide the user with a
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quick command summary for most OS/8 programs. They can be

printed with either OS/ 8 PIP or the CCL command HELP.

TC01/TC08 DECTAPE USERS
The following short procedure is used to start OS/ 8 on a

TC01/TC08 system:

1. Mount the system DECtape (DEC-S8-OSYSB-A-UC1) on

unit (this appears as unit 8 on some DECtape units), mak-

ing certain to wind at least 10 feet of tape onto the empty

reel. Set the tape unit switches to REMOTE and WRITE
LOCK.

2. Bootstrap the OS/ 8 DECtape by following one of two methods.

If the system includes an MI8-E hardware bootstrap option:

a. Place the terminal on line. Raise the SING STEP switch

on the PDP-8/E console. Press the CONT switch. Then

lower and raise the HALT switch. At least one console

indicator lamp should light.

b. Having mounted the OS/ 8 System Tape #1 on unit as

described above, lower and raise the SW switch on the left

side of the console.

If the system does not include a hardware bootstrap, this

procedure will have no effect. In this case, execute step 1

above, place the terminal on line, and then perform the switch

manipulations shown in Table 1-1. For each step in the table,

place each of the PDP-8/E console SWITCH REGISTER
switches numbered to 1 1 either in the up position if the

corresponding table entry is a 1 , or in the down position if

the corresponding table entry is a 0. When all 1 2 switches have

been set to correspond to a line in the table, follow the instruc-

tions in the right hand column and proceed to the next line. In

step 4, for example, place switches 2, 4, 7, and 10 in the up

position; place switches 1, 3, 5, 6, 8, 9, and 11 in the down

position; lift the DEP switch; and proceed to step 5. The

table also includes octal values of the binary switch settings for

the benefit of users familiar with octal numbers.
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Table 1-1 TC01/TC08 DECtape Bootstrap

STEP OCTAL SWITCH REGISTER AND THEN
# VALUES SETTING

,

012 345 678 91011

1 0000 000 000 000 000 press EXTD ADDR LOAD
2 7613 111 110 001 Oil pre^s ADDR LOAD
3 6774 110 111 111 100 lift DEP key

4 J 222 001 010 010 010 lift DEP key
5 6766 110 111 110 110 lift DEP key

6 6771 110 111 111 001 lift DEP key

7 5216 101 010 001 110 lift DEP key
8 1223 001 010 010 on lift DEP key
9 5215 101 010 001 101 lift DEP key
10 0600 000 110 000 000 lift DEP key
11 0220 000 010 010 000 lift DEPKey
12 7754 111 111 101 100 press ADDR LOAD
13 7577 111 101 111 111 lift DEP key
14 7577 111 101 111 111 lift DEP key
15 7613 111 110 001 011 press ADDR LOAD and

press CLEAR and

press CONT

Either bootstrapping procedure first rewinds the DECtape on

unit to the end zone, then starts it moving forward, reading

block into locations beginning at 7600 in field 0. In block

of the DECtape is a larger bootstrap which continues reading

the tape, installing the resident Monitor code, and finally

turning control over to the OS/ 8 Keyboard Monitor.

3. DECtape unit will rock and the console terminal will respond

by printing a dot (.) at the left margin. At this point, OS/8 is

active; DECtape unit must be set to WRITE ENABLE.

NOTE
If the terminal does not respond properly,

check that the bootstrap was loaded cor-

rectly, that unit is selected and set to

REMOTE, that the correct tape is mounted,

and that the terminal is set to REMOTE or

LINE. If trouble persists, contact the local

Digital sales office.
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TD8E DECTAPE USERS
OS/8 supports TD8E DECtape hardware in two configurations:

TD8E DECtape and 12K or more core, and TD8E DECtape and

8K core and 256-word Read-Only-Memory (ROM).
TD8E DECtape users must run a special initialization program

before OS/ 8 can be used. This program need only be run once to

create the proper configuration; thereafter, the appropriate TD8E
bootstrap (discussed shortly) can be used to start OS/8.

TD8E Initialization Program

Use the following procedures to initialize the TD8E DECtape

system.

1. Mount the binary DECtape (DEC-S8-OSYSB-A-UC2) on

DECtape unit 0. Set the tape unit switches to REMOTE and

WRITE LOCK.
2. Turn the console terminal to LINE or REMOTE.
3. Execute one of the TD8E bootstraps (see TD8E Bootstraps in

this section).

4. When the bootstrap is executed correctly, the message:

TD8E INITIALIZER PROGRAM VERSION 4

is printed on the terminal. Then depending upon which type

of TD8E configuration is present, one of the following mes-

sages is printed to indicate the system on which OS/ 8 will be

built.

a. 8K ROM SYSTEM

is printed if the user has the 256-word ROM.

b. 12K SYSTEM

is printed if the user has no ROM but does have 12K or

more of core memory.

NOTE
If neither the ROM nor 12K of memory

exists, the message:

NEED ROM OR 1 2K

appears, and the machine halts. This indi-

cates that the configuration is not suitable

for running the TD8E version of OS/ 8.
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5. After the message specifying the hardware configuration (a or

b above), the following instructions to the user appear:

MOUNT A CERTIFIED DECTAPE ON UNI T 1 WRI TE- ENABLED
ALWAYS KEEP ORIGINAL SYSTEM DECTAPES WRi TE-L OCK ED
STRIKE A CHARACTER TO CONTINUE

Perform the specified operations. At this point, the current

OS/ 8 Monitor is written onto a blank DECtape on unit 1.

Note that the original tape (on unit 0) is not written upon.

6. When the copy operation is complete, the following instruc-

tions are printed

:

DISMOUNT TAPE #2 FORM UNIT AND SAVE IT
MOUNT ORIGINAL SYSTEM TAPE" # 1 QM UNI T

PREPARE TO COPY FILES OVER
STRIKE A CHARACTER TO CONTINUE

The system programs will now be copied from System Tape

#1 (DEC-S8-OSYSB-A-UC1) to the tape being created.

Perform the specified operations and type any character except

CTRL/Z to continue. PREPARE TO COPY FILES OVER>
means to expect copying to take place; no additional prepara-

tion is implied. The following message is printed:

COPYING FILES FROM UNIT TO UNIT 1

and the system copies the files and updates the DECtape
directory.

NOTE
If the user wishes to perform nonstandard

special processing, he can respond with a

CTRL/Z to the preceding dialogue. If

CTRL/Z is typed, the following messages

appear:

TYPE 1 TO COPY FILES FROM UNIT TO UNIT 1

TYPE 2 TO ZERO THE DIRECTORY -OF UNI T 1

TYPE 3 TO LEAVE THE DIRECTORY OF UNIT 1 ALONE
STRIKE A CHARACTER TO CONTINUE
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Reply with either a 1, 2, or 3 (which will

not echo) to indicate the desired option.

Typing any character other than those indi-

cated will repeat the request message. One
of the following confirmatory messages will

appear, to indicate the options 1, 2, or 3,

respectively

:

COPYING FILES FROM UNIT TO 1

ZEROING THE DIRECTORY ON TAPE UNIT 1

DIRECTORY ON UNIT 1 PRESERVED

7. When the files have been copied, the following instructions

appear:

REMOVE AND SAVE TAPE ON UNIT
TAKE NEW TAPE C CN UNIT 1) WHICH WAS JUST CREATED
AND PLACE IT ON UNIT
IT IS YOUR NEW OS/8 SYSTEM TAPE
STRIKE A CHARACTER TO CONTINUE

Remove the original OS/8 tape and save it for later use. Set

DECtape unit to WRITE-ENABLE, and type any character

to continue. The tape on unit will be initialized to a TD8E
configuration.

When the initialization is completed, a dot (.) is printed at the

left margin of the terminal. OS/ 8 is active on a TD8E based

system.

TD8E Initialization Error Messages

The messages listed in Table 1-2 may appear during the TD8E
initialization process.

Table 1-2 TD8E Initialization Error Messages

Message Meaning

FATAL IO ERROR Unable to read from newly
copied system tape.

MOUNT CORRECT TAPE ON UNIT Cannot copy tape currently

mounted.
NEED ROM OR 1 2K Improper hardware config-

uration.
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Table 1-2. TD8E Initialization Error Messages (Cont.)

Message Meaning

NOT ORIGINAL OS/ 8 SYSTEM The tape copied from was

TAPE.#2 not an original OS/ 8 tape

supplied by Digital.

STRIKE A CHARACTER TO An I/O error occurred on

CONTINUE the DECtape. Type any

character to retry the oper-

ation.

TYPE ANY OTHER CHARACTER TO First retry failed. Type any

RETRY THIS I/O OPERATION other character to retry an-

other time.

TYPE A TO ABORT AND Return to Step 1

.

START OVER AGAIN

TD8E Bootstraps

8K ROM Bootstrap (PDP-8/E)

1. Set the switch register on the PDP-8/E console to 7470

(octal), i.e., set switches 0, 1, 2, 3, 6, 7, and 8 in the up posi-

tion, and set switches 4, 5, 9, 10 and 11 in the down position.

2. Raise the SING STEP switch. Lower and raise the HALT
switch.

3. Press the EXTD ADDR LOAD, ADDR LOAD, CLEAR, and

CONT switches. The tape bootstrap will be executed and a mes-

sage will be printed (if initializing) or the OS/8 KeyboardMonitor

will print a dot ( .
) to indicate that it is active. If initializing,

set DECtape unit to WRITE-LOCK. If OS/ 8 is already

active, set DECtape unit to WRITE ENABLE.

12K TD8E Bootstrap

The contents of the 12K TD8E bootstrap are included in Table

1-3.

The tape bootstrap will be executed and a message will be

printed (if initializing) or the OS/ 8 Keyboard Monitor will print

a dot (.) to indicate that it is active. If initializing, set DECtape
unit to WRITE-LOCK. If OS/ 8 is already active, set DECtape
unit to WRITE ENABLE.
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Table 1-3 12K TD8E DECtape Bootstrap

STEP OCTAL SWITCH: REGISTER AND THEN
# VALUES SETTING

012 345 678 91011

I 7300 111 011 000 000 press ADDR LOAD and

press EXTD ADDR LOAD
2 1312 001 Oil 001 010 lift DEP key

3 4312 100 Oil 001 010 lift DEP key

4 4312 100 on 001 010 lift DEP key

5 6773 110 111 111 on lift DEP key
6 5303 101 Oil 000 on lift DEP key

7 6777 110 111 111 111 lift DEP key

8 3726 Oil 111 010 110 lift DEP key

9 2326 010 Oil 010 no lift DEP key

to 5303 101 on 000 on lift DEP key

11 5732 101 ill on 010 lift DEP key

12 2000 010 000 000 000 lift DEP key

13 1300 001 Oil 000 000 lift DEP key

14 6774 110 ill 111 100 lift DEP key

15 6771 no 111 111 00! lift DEP key

16 5315 101 Oil 001 101 lift DEP key

17 6776 110 111 111 110 lift DEP key

18 0331 000 on on 001 lift DEP key

19 1327 001 Oil 010 111 lift DEP key

20 7640 111 110 100 000 lift DEP key

21 5315 101 on 001 101 lift DEP key

22 2321 010 on 010 001 lift DEP key

23 5712 101 111 001 010 lift DEP key

24 7354 111 Oil 101 100 lift DEP key

25 7756 111 111 101 110 lift DEP key

1-8



Table 1-3 12K TD8E DECtape Bootstrap (Cont.)

STEP OCTAL SWITCH REGISTER AND THEN
# VALUES SETTING

26 7747 111 111 100 111 lift DEP key
27 0077 000 000 111 111 lift DEP key
28 7400 111 100 000 000 lift DEP key
29 7300 111 Oil 000 000 press ADDR LOAD and

press CLEAR and
press CONT

Both the 8K ROM and 12K TD8E bootstraps perform the

same function, reading record of the system tape into memory
and then starting it at location 7400 in field 0. The code that is

read into 7400 is a larger bootstrap which installs all resident

tables and then turns control over to the OS/ 8 Keyboard Monitor

or the TD8E initialization program. The 12K system must move
down to tape block 1 54 to accomplish the full bootstrap, which ex-

plains the extra tape motion.

When the TD8E system (either 8K ROM or 12K) is initialized,

only TD8E DECtapes and 1 (DTA0, DTAl ) are available on

the system. The others (DTA2-DTA7) are not in the system. To
make other drives available, the user must run the BUILD pro-

gram. Reference the BUILD section of Chapter 2 for details con-

cerning reconfiguring a system.

LINCTAPE (PDP-12 USERS)
The following is the bootstrap procedure for PDP-12 systems:

1. Mount the system LINCtape (DEC-12-OSYSB-A-AC1) on

LINCtape unit 0. Set the LINCtape switches to WRITE LOCK
and REMOTE. Set the terminal to LINE or to REMOTE.

2. Set the left switches to 0700. Set the right switches to 0000.

Set the MODE key to LINC.
3. Press I/O PRESET.
4. Press DO.

The LINCtape bootstrap will be executed, causing unit to

move. When tape movement stops, ensure that the AC con-

tains -1 (has all lights on). If the AC does not contain -1,

return to step 1 above.
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5

.

Press the START 20 key

.

The LINCtape on unit will move again, and a dot (.) will

be printed at the left margin of the terminal. OS/ 8 is now
active.

6. Set LINCtape unit to WRITE ENABLE.

Building OS/ 8 From Cassette

When OS/8 software is supplied on cassettes, the BUILD sys-

tem library program is used to create the initial OS/ 8 system. The

following procedures are used to build OS/ 8 onto a mass storage

device.

1. The OS/8 cassette containing BUILD (DEC-S8-OSYSB-A-

TC1) supplied by Digital is WRITE protected (lugged red

tabs expose write protect holes). Open the locking bar on the

right side of cassette transport unit by pushing it to the right.

Hold the cassette so that the DIGITAL trademark in large

letters is upright and to the front. Insert the cassette into trans-

port unit 0, rotating it over the drive sprockets without forcing

it, so that the locking bar closes over the back edge.

Press the rewind button on the cassette transport unit once

to rewind the tape to the beginning of its leader/trailer seg-

ment. When the unit stops moving, the tape is positioned for

data transfer operations.

2. Bootstrap the OS/ 8 cassette by following one of two methods.

If the system includes an MI8-E hardware bootstrap option:

a. Place the terminal on line. Raise the SING STEP switch

on the PDP-8/E console. Press the CONT switch. Then

lower and raise the HALT switch. At least one console

indicator lamp should light.

b. Having mounted the OS/ 8 system cassette on unit as

described above, lower and raise the SW switch on the

left side of the console.

If the system does not include a hardware bootstrap, this pro-

cedure will have no effect. In this case, execute step 1 above

and then perform the switch manipulations in Table 1-4. For

each step in the table, place each of the PDP-8/E console

SWITCH REGISTER switches numbered to 11 either in

the up position if the corresponding table entry is a l,.or in

the down position if the corresponding table entry is a 0.

When all twelve switches have been set to correspond to a line
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in the table, follow instructions in the right hand column and
proceed to the next line. In step 3, for example, place switches

2, 4, 9, and 10 in the up position; place switches 0, 1,3, 5, 6,

7, 8, and 11 in the down position; lift the DEP switch; and
proceed to step 4. The table also includes octal values of the

binary switch settings for the benefit of users familiar with

octal numbers.

Table 1-4 Cassette Bootstrap

STEP OCTAL SWITCH REGISTER AND THEN
# VALUES SETTING

012 345 678 91011
4000 100 000 000 000 press ADDR LOAD and

press EXTD ADDR LOAD
lift DEP key

lift DEP key

lift DEP key

lift DEP key
'

lift DEP key

lift DEP key
lift DEP key
lift DEP key
lift DEP key
lift DEP key

lift DEP key
lift DEP key

lift DEP key
lift DEP key
lift DEP key
lift DEP key
lift DEP key

lift DEP key

lift DEP key
lift DEP key

lift DEP key
lift DEP key
lift DEP key
lift DEP key
lift DEP key
lift DEP key
lift DEP key
lift DEP key
lift DEP key
lift DEP key

1-11

2 1237 001 010 on 111

3 1206 001 010 000 110
4 6704 110 in 000 100
5 6706 110 in 000 110
6 6703 110 in 000 on
7 5204 101 010 000 100
8 7264 111 010 no 100
9 6702 1 10 in 000 010

10 7610 111 110 001 000
11 3211 011 010 001 001
12 3636 011 110 Oil no
13 1205 001 010 000 101

14 6704 110 111 000 100
15 6706 110 111 000 no
16 6701 110 111 000 ooi
17 52i6 ioi 010 001 no
18 7002 111 000 000 0.10

19 7430 111 100 on 000
20 1636 001 110 on no
21 7022 111 000 010 010
22 3636 on 110 on 110
23 7420 in 100 010 000
24 2236 010 010 on no
25 2235 010 010 on 101

26 5215 101 010 001 101

27 7346 in on 100 110-

28 7002 in 000 000 010
29 3235 on 010 .011'. 101

30 5201 101 010 000 001
31 7737 in 111 oh 111



Table 1-4 Cassette Bootstrap (Cont.)

STEP OCTAL SWITCH REGISTER AND THEN
# VALUES SETTING

32 3557 Oil 101 101 111 lift DEP key

33 7730 111 111 011 000 lift DEP key

34 4000 100 000 000 000 press ADDR LOAD key and

press CLEAR and

press CONT

Either bootstrapping procedure should cause the system cas-

sette to move and BUILD to print a $ at the left margin of the

console terminal. If there is no resnonse, check that the system

cassette is properly mounted on transport unit and repeat the

bootstrapping procedure, paying particular attention to the

switch manipulations. Be careful not to bounce the DEP
switch.

When BUILD prints:

$

respond with the system device on which OS/ 8 is to be built.

(At this point, the usual command editing features of BUILD
are available; see Table 2-10 in the BUILD section of Chapter

2.) This response must be in the following form:

$SYS dev=n

where "dev" represents one of the legal replies taken from

Table 1-5. The "n" is optional and need only be used to indi-

cate the number of physical disk platters which are present if

the system device is RF08 or DF32. The possible replies and

the maximum value of n which can be used for each one are

indicated below.

Table 1-5 System Devices

Device Maximum n

DF32 (DF32 disk) 4

RF08 (RF08 disk) 4

RK8 (RK8 disk) 1

RK8E (RK8E disk) 1
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n must be a digit in the range 1 to 4. If no value for n is speci-

fied, a value of 1 is assumed. If a response other than a digit

is entered, the message:

7SYNTAX

is printed and the SYS command must be typed again. If n is

specified as a digit but is too large for the device specified, the

SYS command must be retyped. For example: 1

£SYS RF08 = 5

?PLAT
SSYS RF08 = 4

4. When a correct SYS command has been entered, e.g.',

$SYS RK8E

BUILD prints another $. At this time, insert the desired de-

vices for the initial system. The minimum system for cassettes

must have inserted the terminal handler, the mass storage de-

vice, and the cassette handlers. (See the BUILD section of

Chapter 2 for detailed information.

)

In response to the $ printed by BUILD (indicated here by an

underline), type the following; each command line should be

followed by typing the carriage return key.

$,in TA8A: CSA0- i (cassette unit 0, drives and 1)
sin klse:tty (terminal keyboard)

5. The user should also specify the device that is to be the default

mass storage device by entering the DSK command. For ex-

ample:

,$DSK = SYS

Any device other than SYS (or carriage return) specified in the

DSK command must be the permanent name of a device which

appeared in one of the INSERT commands.

1 Characters printed by the system are underlined to eliminate confusion
with characters typed by the user.
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6. When all desired devices have been entered with INSERT com-

mands, type the following in responseJo the $:

SBUILD

BUILD responds by printing:

load os/8 :

type CSAO, followed by carriage return, in response to this

message, i.e.,

LOAD OS/8; CSA0

BUILD loads and writes the various parts of OS/8 onto the

system device. If a SYS ERR message occurs at any time dur-

ing the load, ensure that the system device is write-enabled and

press the CONT switch to retry. If the retry is unsuccessful, re-

turn to step 2.

7. After writing OS/8, BUILD prints:

LOAD CD:

Respond with a carriage return. BUILD loads the Command
Decoder from cassette unit and writes it onto the system de-

vice.

8. When BUILD responds with another $, type the following:

SBOOT

to initiate the final system creation process. BUILD creates

OS/8 on the system device, writes ABSLDR on the system

device, and prints:

SYS BUILT
m

The dot indicates that the OS/ 8 Keyboard Monitor is activated.

BUILD is still in memory at this time and must be written onto

the system device. To save the copy of BUILD just used with

the current date, type:
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JDATE mm/dd/yy (mm=month, dd=day, yy=year)

.SAVE SYS BUILD

This copy of BUILD reflects the current configuration of the

system. It can be loaded and rerun with the command:

^RUN SYS BUILD

9. The OS/ 8 system programs must now be loaded from their re-

spective cassettes. To load these programs, it is first necessary

to load MCPIP (Magnetic Tape/Cassette Peripheral Inter-

change Program). Type the following commands to load

MCPIP.

^GET SYS BUILD.

iSTART 17 400
.SAVE SYS MCPIPM2000=6400

Loading System Programs From Cassette

After creating an OS/8 system from cassettes, the user must

transfer the system programs from cassette to the system device.

This transfer operation is performed with MCPIP which the user

has saved on the system device.

NOTE
Users with OS/ 8 software supplied on DEC-
tape (LINCtape) already have core images

of the system programs on the system de-

vice. This section concerns only users with

software supplied on cassettes.

Each cassette supplied with OS/ 8 contains several OS/8 system

programs^ To transfer the programs to the system device, the user

mounts the appropriate cassette on a cassette drive and types

MCPIP commands as shown below. Use the following procedures

to load the system programs.

1. Mount the system cassette DEC-S8-OSYSB-A-TC2 on cassette

drive 0.

2. Mount the system cassette DEC-S8-OSYSB-A-TC3 on cassette

drive 1.
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3. Type the following to call MCPIP from the system device:

2.R MCPIP

MCPIP responds with an asterisk, indicating that it is ready to

receive a command line of I/O specifications.

4. Respond as follows to the asterisks printed by MCPIP:

.SYS: CCL. SV<CSA0: CCL. SV

_SYS: DI RECT. SV<CSA0: DI RECT. SV
£SYS:FOTP. SV<CSA0:FOTP. SV
iSYS: PI P. SV<CSA0s PI P. SV
£SY S: LI B8 . SV< CSA0: LI B8 • S

V

SYS: EDI T. SV<CSA0: EDI T. SV
SYS? PAL8- SV<CSA0: PAL8. SV

1.SYS: CREF. SV< CSA0: CREF. SV
iSYS: BI TMAP. SV<CSA0: BI TMAP. SV

JLSYS: BOOT. SV<CSA0: BOOT. SV
SY S: CAMP. SV< CSA0: CAMP. SV

J5YS: RK8FMT.SV<CSA0: RK8FMT. SV
.SYS: RKEFMT. SV<CSA0: RKEFMT. SV
.SYS: FORT. SV<CSA1: FORT. SV
.SYS: SABR. SV<CSA1: SABR.SV
SYS:LOADER. SV<CSA1 : LOADER. SV

TSYS:SRCCOM.SV<CSA1:SRCCOM. SV
TSYS: EPI C. SV<CSA1 : EPI C. SV
.SY S: PI P 1 0. SV< CSA 1 : PI P 1 0. SV
SYS:RESORC. SV<CSA1 : RESORC SV

TSY S: DTCOPY . SV< CSA 1 : DTC OPY . SV
£SYS:TDCOPY. SV<CSA1: TDCOPY. SV
SYS:TDFRMT.SV<CSAl:TDFRMT. SV

7SYS: DTFRMT. SV<CSA1: DTFRMT. SV

5. The source file of CCL should be written onto the system de-

vice if the user desires to add his own CCL commands. To
write this file on the system device, mount the system cassette

DEC-S8-OSYSB-A-TC6 on cassette drive 0. Respond as fol-

lows to the asterisk printed by MCPIP,

SYS:CCL.PA<CSA0: CCL. PA

This completes the building of the OS/ 8 system. If the OS/ 8 ex-

tension cassette is available, see the appropriate chapters for load-

ing instructions. Additional device handlers may be loaded and

made active using BUILD. See the BUILD section of Chapter 2

for this procedure.
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Building OS/8 From Paper Tapes

An OS/8 system can be initially constructed on a mass storage

device from the paper tapes supplied with each OS/ 8 kit. The

paper tapes can be loaded from a low-speed reader on a Teletype

or from a high-speed reader. This initial construction is only neces-

sary when the software is not supplied on DECtape or cassettes.

The system library program BUILD is used to construct an

OS/8 system from paper tapes in the following manner.

1

.

Load the RIM and Binary loaders into field (refer to Appen-

dix B for instructions on loading programs manually and on

paper tape).

2. Using the Binary Loader, load the BUILD binary tape (DEC-
S8-OSYSB-A-PB1) into memory.

3. After the entire BUILD binary tape has been loaded with no

checksum errors (i.e., AC=0), set the switch register to 200

(octal), i.e., set switch 4 in the up position, set all other

switches in the down position. Press the ADDR LOAD and

CONT switches. BUILD prints:

$

(At this point, all the usual editing features of BUILD are

available; see Table 2-10 in the BUILD section of Chapter 2.)

Respond with the system (mass storage) device on which

OS/ 8 is to be built. This response must be in the following

form: 2

$SYSdev=n

where "dev" represents one of the legal replies taken from

Table 1-6. The "=n" is optional and need only be used to

indicate the number of physical disk platters which are present

if the system device is an RF08 or DF32 disk.

The "n" must be a digit in the range 1 to 4. If no value for n

is specified, a value of 1 is assumed. If a response other than

a digit is entered, the message:

7SYNTAX

2 Characters printed by the system are underlined to eliminate confusion
with characters typed by the user.
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is printed and the SYS command line, must be typed again. If

n is specified as a digit but is too large for the device specified,

the SYS command must be retyped. For example:

£SYS RF08=5
?PLAT
SSYS RF08 = 4

Table 1-6 System Devices

Device Maximum

DF32 (DF32 disk) 4

RF08 (RF08 disk) 4

RK8 (RK8 disk) 1

RK8E (RK8E disk) I

4. When a correct SYS command line has been entered, e.g.,

$SYS RK8E

BUILD prints another $. At this time, insert the desired

devices for the initial system. The devices listed below must

be inserted for a minimum system with paper tape. Type the

following commands, followed by carriage returns, to insert a

low-speed paper tape configuration.

$INKS33:PTP,PTR (low-speed paper tape punch/reader)

$IN KL8E:TTY (terminal keyboard)

Type the following commands, followed by carriage returns,

to insert a high-speed paper tape configuration.

$IN PT8E:PTP,PTR (high-speed paper tape punch/reader)

$INKL8E:TTY (terminal keyboard)

5. At this time, the user must specify the device that is to be the

default mass storage device by entering the DSK command.

For example:

$DSK=SYS
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Any device other than SYS (or carriage return) specified in

the DSK command must be the permanent name of a mass

storage device which appeared in one of the~ INSERT com-

mands.

6. When all desired devices have been entered with IN commands,

type the following in response to BUILD's $.

SBUILD

BUILD responds by printing:

LOAD OS/8;

At this point, load the OS/ 8 Keyboard Monitor tape (DEC-
S8-OSYSB-A-PB4) in the proper reader and respond PTR
followed by a carriage return, i.e.,

LOAD OS/8: PTR

BUILD loads and writes the various parts of the OS/ 8 Key-

board Monitor onto the system device. If a SYS ERR message

occurs at any time during the load, ensure that the system

device is write-enabled and press the CONT switch on the

PDP-8/E console to retry. If the retry is unsuccessful, return

to step 2.

NOTE
When building from the low-speed reader

(KS33), remember to turn off the reader

when it reaches the leader/trailer at the end

of the paper tape.

7. When the Keyboard Monitor has been successfully written onto

the system device, BUILD prints:

LOAD CD:

Place the Command Decoder binary tape (DEC-S8-OSYSB-A-
PB5) in the proper paper tape reader and respond PTR fol-

lowed by a carriage return, i.e.,
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LOAD CD; PTR

BUILD loads and writes the Command Decoder.

8. When BUILD responds with another $, type the following:

SBOOT

to initiate the final system creation process. BUILD creates

OS/ 8 on the system device, writes ABSLDR on the system

device, and prints:

SYS BUILT

The dot indicates that the OS/ 8 Keyboard Monitor is activated.

9. At this time, BUILD is still in memory and it is necessary to

copy it onto the system device. To save the copy of BUILD
with the current date, type

:

.DATE mm/dd/yy (mm=month, dd=day, yy=year)

.SAVE SYS BUILD

This copy of BUILD reflects the current configuration of the

system. It can be loaded and rerun with the command:

^RUN SYS BUILD

See the BUILD section of Chapter 2 for details of using BUILD
effectively.

ABSLDR (which resides on the system device) must now be

used to load the various system programs. Refer to the following

section for instructions.

Loading System Programs From Paper Tape

After an OS/ 8 system has been created from paper tapes using

BUILD, the system programs must be loaded using ABSLDR.

When loaded, the system programs are written onto the system

device with the SAVE command.
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NOTE
Users with OS/8 software supplied on DEC-
tape (LINCtape) or cassettes need not be

concerned with this section. The information

in this section is only for users with software

supplied on paper tape.

Use the following procedures to load the various system pro-

grams. The binary tape identification number is indicated in paren-

theses after the program name. When the Command Decoder prints

an uparrow ( f ), high-speed reader only, type any character on the

keyboard to cause the tape to be read into memory.

In response to the dot (.) printed by the Keyboard Monitor,

type:

r absldr (followed by the RETURN key)

ABSLDR prints an asterisk when it is ready to receive a command
line. Enter the command as specified for each program, ending the

command with an ALTMODE. ALTMODE echoes a $. When the

Keyboard Monitor responds with a dot, enter the SAVE command.

When the Keyboard Monitor responds with another dot, the system

program has been written onto the system device and ABSLDR
may be called again.

FORTRAN II (DEC-S8-OSYSB-A-PB6)
Place the FORTRAN II Compiler binary tape in the reader, and

type the following responses to the . and * printed by the Keyboard

Monitor and ABSLDR, respectively.

j_R ABSLDR
.*PTR: C SP) S

.SAVE SYS FORT

SABR (DEC-S8-OSYSB-A-PB7)
Place the SABR Assembler binary tape in the reader, and type

the following responses to load and save SABR.

i.R ABSLDR
•tPTR:(SP>$
• SAVE SYS SABR
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LOADER (DEC-S8-OSYSB-A-PB8)
Place the Linking Loader binary tape in the reader, and type the

following responses to load and save LOADER.

j.R ABSLDR
*PTR: /9$
J.SAVE SYS LOADER

LIBSET (DEC-S8-OSYSB-A-PB9)
Place the Library Setup binary tape in the reader. Type the

following:

j.R ABSLDR
*PTR: 12600$
.SAVE SYS LIBSET

LIB8 (DEC-S8-OSYSB-A-PR)
Place the LIB8 relocatable binary tape in the reader and type the

following:

^R LIBSET
* /S$

The tape is read and a LIB8.RL file is created on the system

device.

CREF (DEC-S8-OSYSB-A-PB10)

Place the CREF binary tape in the reader, and type the follow-

ing responses to load and saye CREF.

. R ABSLDR
*PTR: /9$
7SAVE SYS CREF

EDIT (DEC-S8-OSYSB-A-PB11)

Place the Editor binary tape in the reader, and type the follow-

ing responses to load the tape and save EDIT on the system device.

j^R ABSLDR
"*PTR:/9$
iSAVE SYS EDIT
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PAL8 (DEC-S8-OS¥SB-AiPB12).
Place the PAL8 Assembler binary tape in the reader, and type

the following responses to load and save PAL8.

±R ABSLDR
iPTR: /9£
iSAVE SYS PAL8

PIP (DEC-S8-OSYSB-A-PB13)
Place the PIP binary tape in the reader, and type the following

responses to load and save PIP.

_;_R ABSLDR
PTRs 13000C89P) $

.SAVE SYS PIP

MCPIP (DEC-S8-OSYSB-A-PB14)
Place the MCPIP binary tape in the reader, and type the follow-

ing responses to load and save MCPIP.

j^R ABSLDR
TpTR: 12000(89 P)

S

.SAVE SYS MCPIP

BITMAP (DEC-S8-OSYSB-A-PB15)
Place the BITMAP binary tape in the reader, and type the follow-

ing responses to load and save BITMAP.

.R ABSLDR
£PTR: 12000/9$
j^SAVE SYS BITMAP

EPIC (DEC-S8-OSYSB-A-PB16)
Place the EPIC binary tape in the reader, and type the following

responses to load and save EPIC.

.R ABSLDR
*PTR: $

7SAVE SYS EPIC
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SRCCOM (DEC-S8-OSYSB-A-PB17)

Place the Source Compare binary tape in the reader, and type

the following responses to load and save SRCCOM.

±R ABSLDR
iPTR: I
.SAVE SYS SRCCOM

CCL (DEC-S8-OSYSB-A-PB18)

Place the Concise Command Language binary tape in the reader,

and type the following responses to load and save CCL.

^R ABSLDR
^.PTR: 12001(89)$
.SAVE SYS CCL

FOTP (DEC-S8-OSYSB-A-PB19)

Place the File Oriented Transfer Program binary tape in the

reader, and type the following responses to load and save FOTP.

_j_R ABSLDR
PTR: 14600(89P)4

TsAVE SYS FOTP

RESORC (DEC-S8-OSYSB-A-PB20)

Place the Resources binary tape in the reader, and type the fol-

lowing responses to load and save RESORC.

^R ABSLDR
PTR: 12000(89) S

TSAVE SYS RESORC

DIRECT (DEC-S8-OSYSB-A-PB21)

Place the DIRECT binary tape in the reader, and type the fol-

lowing responses to load and save DIRECT.

^R ABSLDR
]*PTR: 14600(89P) $

.SAVE. SYS DIRECT
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PIP10 (DEC-S8-OSYSB-A-PB22)
Place the PIP10 binary tape in the reader, and type the following

responses to load and save PIP 10.

^R ABSLDR
^PTRJ $
.SAVE SYS PIP10

CAMP (DEC-S8-OSYSB-A-PB23)
Place the Cassette and Magnetic Tape Positioner program binary

tape in the reader, and type the following responses to load and
save CAMP.

±R ABSLDR
*FTR: $
*SAVE SYS CAMP

BOOT (DEC-S8-OSYSB-A-PB24)
Place. the BOOT binary tape in the reader, and type the following

responses to load and save BOOT.

.R ABSLDR
£PTR:

$

TSAVE SYS BOOT

This completes the building of the OS/8 system. If the OS/8
extension kit paper tapes are available, see the appropriate chapters
for loading instructions. Additional device handlers may be loaded
and made active using BUILD. See the BUILD section in Chapter
2 for this procedure.

Disk as the System Device

If disk is to be the OS/ 8 system device, an OS/ 8 system must
be built onto the disk from the distribution media, i.e., cassettes,

paper tape, or DECtape (LINCtape). The disks available as sys-

tem devices are RF08, DF32, RK8, and RK8E. Refer to the ap-
propriate part of this section for the cassette or paper tape building

procedure. For DECtape or LINCtape distribution, refer to the

BUILD section of Chapter 2.
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Once an OS/ 8 system has been built on a disk, it may occasion-

ally be necessary to start (bootstrap) the system into operation

when nothing is in memory. For example, whenever an RK8E disk

cartridge is placed into its slot and is to be used, the system should

be bootstrapped. Also, if a program error is encountered such that

the contents of locations 7600-7777 in either field or field 1 are

in doubt, the system should be bootstrapped. The following sec-

tions detail the specific bootstrap used for each type of disk.

RF08 AND DF32 DISKS

If the OS/ 8 system device is an RF08 or DF32 disk, use the

bootstrap shown in Table 1-7.

Table 1-7 RF08/DF32 Disk Bootstrap

STEPOCTAL SWITCH: REGISTER AND THEN
# VALUES SETTING

012 345 678 91011

1 0000 000 000 000 000 press EXTD ADDR LOAD
2 7750 111 111 101 000 press ADDR LOAD
3 7600 111 110 000 000 lift DEP key

4 6603 110 110 000 011 lift DEP key

5 6622 110 110 010 010 lift DEP key

6 5352 101 011 101 010 lift DEP key

7 5752 101 111 101 010 lift DEP key

8 7750 111 111 101 000 press ADDR LOAD and

press CLEAR and

press CONT

When the bootstrap has been loaded, the OS/ 8 Keyboard Mon-

itor should respond with a dot (.). If it does not, repeat the boot-

strap procedure. If an error persists, consult the local Digital sales

office.

RK8E DISK
If only one RK8E disk unit is present on the OS/ 8 system, use

the bootstrap shown in Table 1-8.

NOTE
If a PDP-12 computer is being used, execute

an I/O PRESET in 8 mode before perform-

ing step 5 of the bootstrap in Table 1-8.
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Table 1-8 Single RK8E Disk Bootstrap

STEP OCTAL SWITCH REGISTER AND THEN
# VALUES SETTING

012 345 678 91011
1 0000 000 000 000 000 press EXTD ADDR LOAD
2 0030 000 000 Oil 000 press ADDR LOAD
3 6743 no* 111 100 Oil lift DEP key
4 5031 101 000 Oil 001 lift DEP key
5 0030 000 000 011 000 press ADDR LOAD and

press CLEAR and
press CONT

If more than one RK8E disk unit is present on the system, the

user may choose which unit (0-3) he wishes to be the system de-

vice. To specify the correct RK8E unit as the system device, load

the OS/8 disk cartridge in the desired unit and enter the bootstrap

shown in Table 1-9.

Table 1-9 Multiple RK8E Disk Bootstrap

STEP OCTAL SWITCH REGISTER AND THEN
# VALUES SETTING

012 345 678 91011
1 0000 000 000 000 000 press EXTD ADDR LOAD
2 0025 000 000 010 101 press ADDR LOAD
3 7604 111 110 000 100 lift DEP key
4 6746 110 111 100 110 lift DEP key
5 6743 110 111 100 Oil lift DEP key
6 7604 111 110 000 100 lift DEP key
7 5031 101 000 Oil 001 lift DEP key
8 0025 000 000 010 101 press ADDR LOAD

Enter the desired unit number (0-3) in switch register settings 9
and 10 as follows:

unit all switches down
unit 1 switch 10 up; all others down
unit 2 switch 9 up; all others down
unit 3 switches 9 and" 10 up; all others down

Press CLEAR and CONT.

1-27



When either of the bootstraps has been loaded, the OS/ 8 Key-

board Monitor should respond with a dot (.)• K it does not, re-

peat the bootstrap procedure. If an error persists, consult the local

Digital sales office.

RK8 DISK
If the user has only one RK8 disk unit on his OS/ 8 system, the

bootstrap in Table 1-10 is used to start OS/ 8. %

Table 1-10 Single RK8 Disk Bootstrap

STEP OCTAL SWITCH REGISTER
# VALUES SETTING AND THEN

r\ i ^ 345 ^-TO qi r\i i7 1U1 1UiZ. U/ O.

1 0000 000 000 000 000 press EXTD ADDR LOAD
2 0030 000 000 011 000 press ADDR LOAD
3 6733 110 111 011 011 lift DEP key

4 5031 101 000 011 001 lift DEP key

5 0030 000 000 011 000 press ADDR LOAD and

press CLEAR and

press CONT

NOTE
If a PDP-12 computer is being used, execute

an I/O PRESET in 8 mode before perform-

ing step 5 of the above bootstrap.

If more than one RK8 disk unit is present on the system, the

user may choose which unit (0-3) he wishes to be the system de-

vice. To specify the correct RK8 unit as the system device, load the

OS/ 8 disk cartridge in the desired unit and enter the bootstrap

shown in Table 1-11.
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Table 1-11 Multiple RK8 Disk Bootstrap

STEP OCTAL SWITCH REGISTER AND THEN
# VALUES SETTING

012 345 678 91011

1 0000 000 000 000 000 press EXTD ADDR LOAD
2 0026 000 000 010 110 press ADDR LOAD
3 7604 111 110 000 100 lift DEP key

4 6732 110 111 Oil 010 lift DEP key

5 6733 110 111 Oil 011 lift DEP key

6 5031 101 000 011 001 lift DEP key

7 0026 000 000 010 110 press ADDR LOAD

Enter the desired unit number (0-3) in the switch register set-

tings 9 and 10 as follows:

unit all switches down
unit 1 switch 10 up; all others down
unit 2 switch 9 up; all others down
unit 3 switches 9 and 10 up; all others down

Press CLEAR and CONT.
When either of the above bootstraps has been loaded, the OS/8

Keyboard Monitor should respond with a dot ( .
) . If it does not,

repeat the bootstrap procedure. If an error persists, consult the

local Digital sales office.

Restarting OS/

8

If the OS/ 8 system ever ceases apparent response to the user,

the computer can be restarted by loading a restart address of either

7600 or 7605. To load a restart address, set the console switches

to 7600 or 7605, press the HALT, ADDR LOAD, EXTD ADDR,
CLEAR, and CONT switches. A period should be printed on the

terminal. If there is no response, OS/ 8 is no longer in memory and

must be bootstrapped in.

Starting at location 7600 causes the contents of locations 0-1777

to be saved on the system device. These locations are then available

when the Keyboard Monitor resumes operation. Starting at 7605

does not save the core locations, but does save time on a DECtape
configuration.
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KEYBOARD MONITOR
The Keyboard Monitor provides communication between the

user and the OS/8 executive routines by accepting commands
from the terminal Keyboard. The Keyboard Monitor allows the

user to create logical names for devices, run system and user

programs, save programs and to call ODT.

System Conventions

The OS/ 8 system has various conventions which are quickly

mastered by even the novice programmer. Naming procedures

for devices and file extensions have been designed as simple

mnemonics. OS/8 makes use of the terms: "word", "page",

and elsewhere file lengths are referenced in terms of blocks (or

records). The terms are defined as follows:

1 block = 1 record = 2 pages = 256i words

Each word is composed of 12 bits. The internal structure of the

PDP-8 words and pages is described in detail in Chapter 2 of

Introduction to Programming

PERMANENT DEVICE NAMES
Each device in the OS/8 system is referenced by means of a

standard permanent device name. These names are used in all

I/O designations and are listed in Table 1-12.

These names are the device names assigned when the OS/

8

system is configured. They may be changed by reconfiguring the

system; however, caution should be observed when doing so.

Certain system programs operate on the premise that a specific

device name will be present in the system; for instance, PIP makes

use of the device name TTY: as the default device when doing

directory listings, CREF assumes LPT: as the default output

device, and the Command Decoder uses device DSK: as the

general default output device. Therefore, it is suggested that the

following device names remain present on the system:

SYS:

DSK:
TTY:
LPT:
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Table 1-12 Permanent Device Names

Permanent Name I/O Device

SYS

DTAn

LTAn

DSK

TTY

PTP

PTR

CDR

LPT

CSAn

MTAn

DF

RF

RKAn

TV

BAT

System device (disk if the system has a large disk

—RK8 or RF08; otherwise DTAO).

DECtape n, where n is an integer in the range
to 7, inclusive.

When using BUILD, LINCtapes may be called

LTA rather than DTA. n is an integer in the range
to 7 inclusive.

The default storage device for all files. The assign-

ment of DSK is specified at system generation

time. Usually DSK is the disk on a single disk sys-

tem or DTAO on a DECtape system.

Terminal keyboard and printer.

Paper tape punch.

Paper tape reader (before accepting input, the sys-

tem prints an up-arrow (f), to which the user re-

plies by typing any key).

Card Reader

Line printer (performs a form feed before it be-

gins printing output from a new program).

Cassette drive n, where n is an integer in the range
to 7, inclusive.

Magnetic tape drive n, where n is an integer in the
range to 7 inclusive.

DF32disk.

RF08 disk.

RK01 or RK05 disk unit n, where n is an integer
in the range to 3.

VR12 scope (PDP-12 only).

Pseudo device which reads from BATCH input
stream (see BATCH section in Chapter 2).
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FILE NAMES AND EXTENSIONS
Files are referenced symbolically by a name of up to six alpha-

numeric characters followed, optionally, by a period and an ex-

tension of two alphanumeric characters. The extension to a file

name is generally used as an aid for remembering the format of

a file. Some commonly used extensions are given in Appendix G.

Some programs (e.g., FOTP) also accept the characters * and ?

in file names. These characters have special meanings to the pro-

grams involved.

In most cases the user will want to conform to the standard

file name extensions established for OS/ 8. If an extension is not

specified for an output file, some system programs append assumed

extensions. Where an extension for an input file is not specified

by the user, the system does a search for that file name with the

default extension. Failing to find such a file, a search is then

done for the original file without an extension. For example, if

PROG were specified as an input file to PAL8, the Command

Decoder would first look for the file PROG.PA (since .PA is the

standard extension for PAL8 input files). If PROG.PA were

not found, the Command Decoder would try to find the file PROG
(with no extension). As not all system programs utilize default

extensions, reference the following table and the individual system

programs for details:

Table 1- 13 Assumed Extensions

Extension Meaning

.SV Core image file or SAVE file; appended to a file name

by the R, RUN, SAVE, and GET Keyboard Monitor

commands.

.FT 8K FORTRAN source file.

.SB 8K SABR source file.

.PA PAL8 source file.

.BN Absolute binary file (default extension for ABSLDR,
BUILD, and BITMAP input files. Also used as the de-

fault extension for PAL8 binary output file).
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Table 1-13 Assumed Extensions (Cont.)

Extension Meaning

.RL Relocatable binary file (default extension for a Linking
Loader input file. Also used as the default extension for
an 8K SABR output file).

.MP File containing a loading map (used by the Linking
Loader). Also used as default extension for BITMAP
output files.

.LS Assembly listing~butput file (default extension for PAL8
and SABR).

.TM Temporary file generated by FORTRAN or SABR for
system use (default extension for CREF input files and
PAL8 output files).

For example, if the user types:

•_RUN DSK PROG

the file PROG.SV (on device DSK) is run, if found. If the user
types:

• RUN DSK PROG.

A

then PROG.A (on device DSK) is run, if found.

Using the Keyboard Monitor
Each command to the Keyboard Monitor is typed at the

terminal keyboard. If corrections are necessary, they must be
made before entering the command line to the system. A com-
mand line is entered to the system by typing either the RETURN
key, which causes a carriage return/line feed operation but no
printed character, or an ALTMODE (ESCAPE on some Tele-
type Keyboards), which prints a $, but causes no carriage return/
line feed. Correcting mistakes is accomplished by typing the RUB-
OUT key, which deletes the last character typed and causes a
backslash (\) character to be printed followed by the character
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which was deleted. Successive RUBOUTS each cause one more

character to be printed and deleted. The first non-RUBOUT

character typed (after the last RUBOUT in a sequence) causes

a closing backslash (\) to be printed, thus enclosing the deleted

characters with backslashes. For example:

User types: *UN DSK (RUBOUT) (RUBOUT) (RUBOUT) DTA1:FILE

Teleprinter

Shows: 1RUN
DSK\KSD\DTAl:FILE

Keyboard
» *_..:,. PT1M riTAI'FIIF.
lVIOlUlUI 5CCS. .^~*. —

If at any time an input line becomes so corrected that it is no

longer intelligible to the user, he can verify the contents of the

line by typing the LINE FEED key. This causes the entire input

line to be echoed as the Keyboard Monitor would see it at that

point. The line is not considered to be entered to the system, and

the user can proceed to edit, delete, or enter the line at his

discretion.

For example:

User types: JUJN DTA3\3\2:PRG \G\OG (LINE FEED key typed)

System echoes: run dta2:prog

A command line may be deleted completely before it is en-

tered by typing a CTRL/U (produced by pressing the CTRL key

and U key simultaneously). This echoes as a tU, and returns con-

trol to the Keyboard Monitor without accepting the current input

line. Typing a CTRL/U causes a dot (.) to be printed at the left

margin and the Keyboard Monitor is ready to accept commands.

Control can be returned to the Keyboard Monitor while under

any of the system library programs by typing a CTRL/C (pro-

duced by pressing the CTRL and C keys simultaneously). This

echoes as a tC and the Keyboard Monitor signals that it is ready

to accept input by printing a dot (.) at the left margin of the ter-

minal screen or paper.
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KEYBOARD MONITOR COMMANDS
The user has a choice of nine commands which he may type .in

response to the dot (.) printed by the Keyboard Monitor These

are ASSIGN, DEASSIGN, GET, SAVE, ODT, RUN, R, START,

and DATE. Commands may be abbreviated by typing only the

first two characters. Execution occurs after typing the RETURN

or ALT MODE key.

Any errors the user may make while utilizing these commands

result in an error message being printed by the Keyboard Monitor^

After occurrence of an error, control returns to the Keyboard

Monitor and the command must be retyped. The error messages

and their explanations are listed in Table 1-14, following the de-

scriptions of the commands.

In addition to the Keyboard Monitor commands discussed in

this section, certain extended commands and features are available

to the user through the Concise Command Language (CCL). CCL

simplifies the entry of certain commands and performs operations

which could not be performed otherwise. See the CCL section in.

this chapter for further information.

ASSIGN Command
The ASSIGN command is o£ the form:

.ASSIGN dev udev

or

.AS dev udev

This command causes a new, user-defined device name (udev)

to be considered equivalent to the permanent device name (dev).

Only one user name can be associated with a single device at a

time. For example:

.AS DTA1 IN

causes all future references to IN to refer to DECtape unit 1,

(references can still be made to the device DTA1 also).

If a user-defined device name is not indicated, any existing
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user-defined name is removed and only the permanent device name
is valid. For example:

^AS DTA1 IN

•AS DTA1

The above sequence changes the name of DECtape 1 to IN and
then back to simply DTA1 again.

The user-defined name is composed of up to four alphanumeric
characters; the user-defined name takes precedence over the per-
manent name. Device-independent programs are easily possible
since a change m the user name of a device by means of the AS-
SIGN command can change the operation of a routine without
changing the code.

Although user-defined names may be four characters long the
name may not be unique in the OS/8 system. (This is due to the
fact that the device name is internally coded in only one word )A three or four character name may be tested for uniqueness by
typing an ASSIGN command as follows :

.AS name

If a 'name NOT AVAILABLE' message results, the name is
unique within the current system, is not in the system tables, and
therefore may be used.

All user-defined device names of one or two characters in
length are unique.

DEASSIGN Command
The DEASSIGN command is of the form

:

DEASSIGN
or

.DE

and causes all permanent device names to be restored, dis-
carding all previous user-defined device names. For example:

_.AS DTA1 IN

causes DECtape 1 to be assigned the name IN. The DEASSIGN
command removes the name IN from the system tables; DTA1
can no longer be referenced as IN.
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GET Command
The GET command is of the form

:

.GET dev file.ex

or

.GE dev file.ex

The GET command loads core image files (.SV format, not

ASCII or binary) into core from a device. This device (dev) is

specified along with the file name (file) and an optional file name

extension (.ex). The file is loaded into core with its core control

block; the core control block is then moved to a special area on

the system device, where it is maintained on the system device

and contains information about the file such as its starting ad-

dress and areas of core occupied by the file. Also contained is a

Job Status Word, which is saved (with the SAVE command) and

loaded in location 7746 of field with the file to indicate what

parts of core the file uses and how, as follows:

Job Status Word

Bit Condition Meaning

BitO = l File does not load into locations 0-1777 in

field 0,(0000-1777).

Bit 1=1 File does not load into locations 0-1777 in

field 1, (10000-11777).

Bit 2 = 1 Program must be reloaded before it can be

restarted because it modifies itself during exe-

cution.

Bit 3 = 1 Program being run will not destroy the BATCH
monitor.

Bits 4 — 9 Unused, and reserved for future expansion.

Bit 10 = 1 Locations 0-1777 in field need not be saved

when calling the Command Decoder overlays.

Bit 11 = 1 Locations 0-1777 in field 1 need not be saved

when calling the USR.
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A core control block is created for each core-image file when the
file is created by the Linking Loader, ABSLDR, or the SAVE
command.

If a fije name extension is not specified to the GET command,
the extension .SV (for core-image file) is added automatically to
the file name. For example:

; GE DTA3 OH

attempts to fetch the file OH.SV from device DTA3.
The GET command is typically used. before a debugging ses-

sion with ODT. GET is used to load the object program into
core, then ODT is called, and rhp nrnaram <~sm ha dt^^ri ^„a /

or debugged (see the section on ODT for more details).

SAVE Command
The SAVE command is of the form

:

.SAVE dev file.ex a-b,c,...;s=n

or

.SA dev file.ex a-b,c,...;s=n

where:

a-b,c,... are the addresses of the areas and locations in core to

be saved. (In this case, locations a through b, loca-

tion c, and any other specified locations.) a, b, and c

are five digit locations. (The first digit represents the

field.) When a single location is indicated (c) the

entire page on which c is located is saved.

;s is the starting address of the file.

=n n is a four digit octal number representing the con-

tents of the Job Status Word (see the GET command)

.

The program currently in core is saved on the device (dev)
specified, with the file name indicated (file.ex). If an extension
is not specified, the extension .SV is automatically added by the

system. If the remaining arguments are not given, the required
information is taken from the current core control block (refer

to the GET command).
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There are some restrictions on the SAVE arguments which
should be noted:

1. Each set of limits (a.-b) must be in the same field and not

cross field boundaries. For example:

• SAVE SYS F00 "020.0-20200

is illegal since the limits transcend a field boundary.

2. No two sets of limits can overlap; (i.e. a-b, c-d must not

overlap). In fact, once a location. on a specific page is in-

cluded in the limits, any other location on that. core page,

whether overlapping or not, will produce an error message.

For example:

•_SAVE SYS F00 0- 1 77* 200-377 is legal, but'

_.save sys foo 0-200* 201 -377 is illegal.

3. In SAVEs involving memory fields other than field 0, the

field must be specified before each of the two core limits.

If the field is unspecified, field is assumed. Thus:

^save sys foo 20200-0377 is illegal, while

^save sys foo 20200-20377 is legal.

4. SAVE files can include 7600 in any field. However, extreme

care must be taken when manipulating these areas, particu-

larly in fields and 1, as the system resident code Could

be destroyed by GETting area 07600-07777. It is sug-

gested that SAVEs involving 7600 be limited to fields above
field 2.

5. If the first location of a page is not a multiple of 400, that

page cannot be saved without the previous page. Thus the

following commands are equivalent:

.SAVE DSK PROG 2634
TSAVE DSK PROG 2400-2777
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If an error message is printed in response to a SAVE command,

the program currently in core has not yet been saved. The core

image, however, is still intact.

Examples of SAVE commands are:

. SAVE DSK CPROG 55, 1 0500- 10577J 10502

This statement saves the program in core on the disk as a file

named CPROG.SV. The areas of core saved are locations to

177 in field and locations 400 to 577 of field 1 (when a single

core location or part of a page is indicated, the entire page on

which the locations occur is saved). The starting address of the

program is 502 in field 1. The core control block is updated to

contain this information and the old Job Status Word is taken

intact from the original core control block.

.SAVE DSK CPROG

The above statement causes the program in core to be saved on

device DSK under the name CPROG.SV where the areas of core

to be saved are taken from the core control block currently

available.

ODT Command
The ODT command is of the form:

.ODT
or

.OD

This command causes the system ODT to be loaded into core

and started. ODT is a system overlay, and as such takes up none

of the user's program area unless the breakpoint feature is used,

in which case ODT uses locations 4, 5, and 6 of every field in

which a breakpoint had been placed. When using ODT to debug

programs, the user-defined device names cannot be used; each

I/O device must be called by its permanent device name.

ODT is described in greater detail later in this chapter.
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RUN Command
The RUN command is of the form

:

.RUN dev file.ex

or

.RU dev file.ex

The RUN command, like the SAVE command, handles only
core-image files. The file indicated (file.ex) on the device speci-

fied (dev) is loaded into core and its core control block is moved
to the system scratch area. The program is started at its starting

address. The RUN command is equivalent to a GET and a START
command.

If an extension to the file name is not specified, the extension
.SV is automatically added to the file name. For example:

^RU DTA-1 PROG

causes the file PROG.SV on DECtape 1 to be loaded and started.

R Command
The R Command is of the form:

.R file.ex

and is similar to

.RUN SYS file.ex

This command handles only core image files from the system
device. The file is loaded and started. If the file name extension
is not specified, the extension .SV is automatically added.

The R command differs from the RUN command in that a core
control block is not written to the system device. In order to save
a program which does not have its core

1

control block in the usual
location on the system device, all the optional arguments of the
SAVE command must be explicitly stated. System programs are
most often called using the R command, since they need not be
resaved.

To call a program which is to be later updated and saved, use
of the RUN or GET commands is suggested.

START Command
The START command is of the form:
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.START nnnnn

or

.ST nnnnn

The program currently in core is started at location nnnnn. If the

argument nnnnn is omitted, the program is started at the starting

address specified in the core control block.

For example

:

.ST 10555

, starts the program in core at location 555 in field 1.

.ST,

starts the program at the starting address given in the core control

block.

The START command clears certain areas of core—the device

handler in core table and the Command Decoder output area.

DATE Command
The DATE command is of the form

:

.DATE mm/dd/yy
or

.DA mm/dd/yy

The DATE command sets up the date in the system for purposes

of dating directory entries and listings, printing on program output,

etc. For example:

.DA 3/13/7 4

indicates that the date is March 13, 1974.

Keyboard Monitor Error Messages

Table 1-14 lists the generalized and command Keyboard Monitor

errors. All errors return control to the Keyboard Monitor and the

command must be retyped, xxxx indicates the core location where

the error was detected.
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Table 1-14 Keyboard Monitor Error Messages

Message

BAD ARGS

Meaning

BAD CORE IMAGE

BAD DATE

ILLEGAL ARG.

MONITOR ERROR 2 AT xxxx
(DIRECTORY I/O ERROR)

MONITOR ERROR 5 AT xxxx
(I/O ERROR ON SYS)

MONITOR ERROR 6 AT xxxx
(DIRECTORY OVERFLOW)

name NOT AVAILABLE

name NOT FOUND

NO!!

The arguments to the SAVE com-
mand are not consistent and violate

restrictions listed in 1, 2, 3 under
SAVE command.

The file requested was not a core-
image file (it could have been an
ASCII or binary file).

The date has not been entered cor-
rectly (using slashes), or incorrect
arguments were used, or the date
was out of range.

The SAVE command was not ex-
pressed correctly; illegal syntax used.

Attempt made to output to a
WRITE-LOCKed device, usually
DECtape; or an error has occurred
reading/writing a directory.

An error occurred while doing I/O
to the system device. This error is

normally the result of not WRITE-
ENABLing the system device.

This message results if a directory
overflow has occurred (no room for
tentative file entry in directory).

The device with the name given is

not listed in any system table, or it

is not available for use at the moment
(check the device in question), or
the user tried to obtain input from
an output-only device (such as the
high-speed paper tape punch).

The file with the name given was not
found on the device indicated, or the
user tried to input from an output-
only device.

The user attempted to start (with
•ST) a program which cannot be
started. The user must not restart
any user program or system library
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Table 1-14 Keyboard Monitor Error Message (Cont.)

Message

NO CCL!

SAVE ERROR

SYSTEM ERR

TOO FEW ARGS

USER ERROR AT xxxx

abed?

Meaning

program which modified itself while

in core (bit 2 of the Job Status Word

is set; see the GET command for

details).

The command was not a legal key-

board monitor command. It was, how-

ever, a valid CCL command, but the

file CCL.SV was not found or an

I/O error occurred while trying to

read the file.

An I/O error has occurred while

saying the program. The program re-

mains intact in core.

An error occurred while doing I/O

to the system device. The system

should be restarted at 7600 or 7605.

Do not press CONTinue, as this is

sure to cause further errors.

An important argument has been

omitted from a command. For ex-

ample,

^RUN DSK

would generate this message, as the

program to be run has not been

entered in the command.

An input error was detected while

loading the program, xxxx refers to

the Monitor location where the error

was generated.

Where abed is not a legal command;

for example, if the user typed:

.HELLO

the system would echo:

HELLO?

1-44



COMMAND DECODER
Once a system program has been called via the Keyboard Mon-

itor, that system program may make use of the Command Decoder
by permitting the user to enter a list of I/O files and devices. The
Command Decoder prints an asterisk (*) at the left margin to

indicate it is ready to accept a command string.

The Command Decoder uses the same keyboard characters as

the Keyboard Monitor for the purpose of correcting typing mis-

takes. The RUBOUT key deletes one character per rubout. The
CTRL/U (tU) combination deletes an entire line. CTRL/C re-

turns the user to the Keyboard Monitor, and the LINE FEED key
causes the entire line (preceded by an asterisk) to be printed on
the terminal as it appears in the TTY input buffer.

The description of files, file names, extensions, devices, and de-

vice names is contained in the section concerning the Keyboard
Monitor; this description pertains to the Command Decoder as

well.

Command Decoder Input String

The expected string for I/O specification takes the form:

DEV:OUTPUT FILES<DEV:INPUT FILES

(While the left angle bracket (<) is the accepted divider character
between output and input files, the back arrow (<-) may also be
used.) There may be 0-3 output files and 0-9 input files, depending
on the requirements of the individual system program. The par-
ticular I/O string used with each system library program is de-
scribed in its respective section.

For example:

*DTA1 :XY1.,LPT:<DSK:PR0G

The PAL8 assembler would use the first output file (DTA1 :XY1

)

for the binary output of the assembly and the second output device
(LPT:) for the listing. DSK:PROG or PROG.PA is the input
source file.

Multiple file specifications are separated by commas. If no out-
put files are indicated, the left angle bracket can be omitted. For
example:
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*DSK:PROG

would cause the file PROG on device DSK to be accepted as an

input file.

The forms in which I/O files may be specified in a command

string are illustrated below:

Form

DEVICE :FILE
NAME

File Specifications

Example Meaning

*DTA3:FILE1

DEVICE: *LPT:

FILENAME- *name<dta2:prog

The I/O file is to be found

under the specified name

(FILE1) on the device indi-

cated (DTA3:)

When a device is indicated

without an associated file name,

the device is usually a non-

directory device. (If a direc-

tory device is used, the device

can be read, but not written;

for example, referencing DTAO
"causes the entire DECtape

Unit to be used as the input

file. DSK: is always the default

output device.)

A file name used without an

associated device indicates

that the file will be found on

an assumed device. For all

output files and the first input

file, the device is assumed to

be DSK:. The example indi-

cates DSK-.NAME as an out-

put file. For input files after
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File Specifications

Form Example Meaning

the first, the device is assumed
to be the device of the pre-

vious entry. For example:

*DSK:PR0GKDTA1:FILE1,FILE2,FILE3

causes the three input files to

be taken from DTA1.

NULL FILE The absence of an explicit
*,lpt<dtai:quest,dta2:star file specification has different

meanings in context, and is in-

dicated by a comma which is

not preceded by a file desig-

nation. For output files, a null

file indicates that there is no
output file for this position. If

the example given were an in-

put line to PAL8, the first out-

put file (binary) would not
be generated, but the listing

would be output to the line

printer. For input files, a null

file indicates that the device

of the most recent entry is to

be used as a non-directory

device:

*DSK: A<PTR :

This input string allows three

paper tapes to be read from
the high-speed reader.
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EXAMPLES OF COMMAND STRINGS

Some examples of command strings specifying I/O are shown

below with appropriate explanations.

Example 1:

*DSK: BINARY, LPT :< SOURCE

The file named SOURCE is the input file on device DSK: The

two output files are BINARY on DSK, and a second file on the

line printer (LPT). The PAL8 assembler uses this format; how-

ever, the assembler also adds the extension .BN onto the file

labeled BINARY. Thus, the output file on device DSK: will be

J T1TXT A T» V" T>XT
nanieu r>n>/\ivi .un.

Example 2:

INPUTl* INPUT2, INPUT3,PTR:,

This is a string of input files with no outpui file. Notice that the

left angle bracket is not necessary if there are only input files spec-

ified. This type of input might be given to one of the loaders

(which do not require output files). Three files are taken from

device DSK and then two are taken from the paper tape reader

(PTR:,).

Example 3:

*DTA2:A,B<XYZ:C>D

The input files C and D are taken from device XYZ (which could

be any device with the user-defined name XYZ). The output

files are a file named A on DTA2 and a file named B on DSK.

Example 4:

*,LPT:<SRC

The input file is named SRC and is on DSK. The two output files

specified are one null file (no output file in that position) and a

file to be sent to the line printer (LPT).

Example 5:

*PTR:,,DTAl:X
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As in Example 2, this is another input only file string. The first

input file comes from the paper tape reader, as does the second

(PTR:„). The third input file is named X and is on DTA1.
Example 6:

*A<TTY:, .

Both input files in this example come from the Teletype (gener-

ally the low-speed reader). The single output file is named A and

is stored on DSK.

INPUT/OUTPUT SPECIFICATION OPTIONS
In addition to output and input files which are indicated on the

file specification line to the Command Decoder, there are various

options which can also be indicated on this line. These options

are interpreted by the individual system programs and are covered

in detail in the sections describing the various programs. Options

are either numbers or alphanumeric option characters.

Numbers used as options are generally contained in the

command line with the equal sign (=.) or square brackets ([-])

construction. The alphanumeric option characters are set off from

the I/O specifications by the slash (/) character for single char-

acter options, and parentheses for a string of single characters.

The usage of the slash, parentheses, equal sign, and square

brackets is explained below. These explanations will serve as

references and format specifications once the user has learned from

reading about each individual program which options he will be

needing.

The format for input to the Command Decoder looks generally

like the following:

DEV^OUPUT FILES<DEV:INPUT FILES/OPTIONS

The Slash Construction

A single alphanumeric option character is preceded by a slash

and can occur anywhere in the input line, even in the middle of a

name, although the usual position is after the file specification. For
example:

*TTY:/L<£)SK:AB
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is equivalent to:

*TTY:<DSK:AB/L

The option specified is L, which PIP interprets as a command to

list the DSK directory beginning at file AB.

The Parentheses Construction

Any number of option characters can be grouped together in-

side parentheses. This construction is also valid anywhere in the

input line. For example:

*OUT:X<IN:Y(AQZ)

is equivalent to:

*OUT:X<IN:Y/A/Q/Z

The Equal Sign Construction

An octal number up to seven digits long and preceded by an

equal sign (=) may optionally be used as an indicator. This

construction is often used to set a starting address, but may be

assigned other functions as well. It may only occur once in a line

and must be followed by a separator character (comma, left

angle bracket, back arrow, ALT MODE key or RETURN key)

or by other options and a separator character. The following

example uses the equal sign construction and indicates three sep-

arate options:

*FILE1=1002(AQX)> FILES

Interpretation of options and = sign numbers varies depending

upon the program which called the Command Decoder. See the

individual system programs for details.

The Square Bracket Construction

The square bracket construction can only occur immediately

after an output file name and consists of an open bracket, a decimal

number between 1 and 255, and a close bracket. The square
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bracket construction is generally only used by the more sophis-
ticated user to optimize file storage.

The open bracket ([) is produced,by holding down the SHIFT
key while typing a K (i.e., SHIFT/K); the close bracket (]) is

produced by typing a SHIFT/M. This construction is used to
provide an upper limit on the number of blocks (256 words per
block) to be contained in the output file in order to allow the
system to optimize file storage. For example:

BINARYC 19 ], LI-STING C 200] < SOURCE/ 8

The output files are a file named BINARY on device DSK: having
a maximum length of 19 blocks, and a file name LISTIN (only
six characters are significant) on the device DSK with a maximum
length of 200 blocks. The input file is SOURCE on device DSK;
the option specified is 8, which is interpreted by the program
being run.

Command Decoder Error Messages
The following is a complete list of the error messages which the

Command Decoder generates if a command string is improperly
input.

Table 1-15 Command Decoder Error Messages

Message Meaning

ILLEGAL SYNTAX The command line was formatted in-
correctly or contains illegal characters.

name DOES NOT EXIST The device with the name specified
could not be found in the system tables.

name NOT FOUND The file with the name specified does
not exist on the device indicated.

TOO MANY FILES More than three output files or nine
input files were specified. Some pro-
grams may restrict the user to fewer
files.
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CCL (CONCISE COMMAND LANGUAGE)
CCL (Concise Command Language) provides the OS/ 8 user with

an extended set of Keyboard Monitor commands. Some CCL

commands allow the user to call a system program indirectly, per-

form an operation, and return to the Keyboard Monitor. These

commands are more concise than the usual calling sequence of a

program. For example, instead of typing the following to call

PAL8:

.R PAL8
*FILE,LPT:<FILE

CCL can be used by typing the following command:

.PAL FILE-L

Other CCL commands perform functions not performed by

other OS/8 programs.

The user may write his own CCL commands and add them to

CCL. See the OS/8 Software Support Manual for instructions on

adding CCL commands.

CCL Commands
CCL commands are entered at the terminal in the same manner

as Keyboard Monitor commands, in response to the dot printed.

Normally, CCL commands are terminated with a carriage return.

Depending upon the command being used, control may return to

the Monitor when the operation is completed or may remain within

another OS/8 program. If the user wishes to remain within control

of another program when control would normally return to the

Monitor, he can terminate the CCL command with an ALTMODE.

This termination procedure is the reverse of the way in which most

OS/8 programs operate.

CCL COMMAND FORMAT
The full CCL command keyword need not be typed; each com-

mand has letters that are required. The CCL commands are listed

below in alphabetic order. Letters that are not required are printed

in italics, e.g., the CREATE command is shown as follows: •
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CREATE
to indicate that only the letters CREA are required.

BACKSPACE
BOOT
CCL
COMPARE
COMPILE
COPY
CORE
CREATE
CREF
DATE
DEASSIGN
DELETE
DIRECT
EDIT
EOF
EXECUTE
HELP ^

LIST
LOAD
MAKE
MAP
MUNG
PAL
PRINT
PUNCH
RENAME
RES
REWIND
SKIP

SQUISH
SUBMIT
TECO
TYPE
UA
UB
UC
UNLOAD
VERSION
ZERO
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In some cases, there are two commands to run a program. For

example, the MAKE and TECO commands both run the TECO
program, as does the R TECO command.

Most CCL commands are entered by typing the command fol-

lowed by an argument of the form-:

dev: output files<dev: input files/options

This is the I/O specification format used by the Command
Decoder. The slash construction and the parentheses construction

can be used to include options in the program being run by CCL.

If no input device is specified, DSK is assumed. If a file name is

specified with no extension but is followed by a dot, no default

extensions are tried. The actual format for each command is shown

in the command discussion.

CCL remembers arguments used by some CCL commands, e.g.,

COMPILE, and can use these arguments in other commands.

(This procedure is explained for each CCL command to which it

applies.) If, however, the DATE command is used to change the

current date, the remembered arguments are erased. Commands
which require remembered arguments produce a BAD RECOL-
LECTION message if no previous argument existed.

CCL COMMAND OPTIONS
Some CCL commands assume the inclusion of options that

would have to be specified if the OS/ 8 program were called

directly. The DELETE command, for example, runs the FOTP
program, including the /L and /D options. Other options may be

included in the command line with the slash or parentheses con-

struction.

CCL also has options that may be included in a CCL command
line. These options are of the form

:

—ex

where "ex" is one of the options specified in Table 1-16.
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Table 1-16 CCL Options

Option Meaning

-L Send output to LPT.
-LS Generate a listing file (used with the COMPILE, EX-

ECUTE, and PAL commands). The listing file is written

onto SYS if no output device is specified and is given a

.LS extension.

-MP Generate a core map (used with the COMPILE, EX-
ECUTE, and PAL commands).

-NB Do not create a binary file (used with the COMPILE, EX-
ECUTE, and PAL commands).

-P Send output to PTP.
-S Send output to TV.
-T Send output to TTY.

WILD CARD CONSTRUCTION
Certain CCL commands that run the FOTP or DIRECT pro-

grams may use a wild card construction. These commands are

COPY, DELETE, DIRECT, LIST, RENAME, and TYPE.
The wild card construction means that the file name or, the ex-

tension in a CCL command may be replaced totally with an

asterisk or partially with a question mark to designate certain file

names or extensions. The asterisk is used as a wild field to

designate the entire file name or extension. For example:

TEST!.* All files with the name TEST1 and any extension.

*.BN All files with a BN extension and any file name.
*.* All files.

The question mark is used as a wild character to designate part

of the file name or extension. A question mark is used for each

character that is to be matched; e.g., PR?? matches all files begin-

ning with PR that are two to four characters long. For example:

TEST2.B? All files with the name TEST2 and any extension

beginning with B.

TES??.PA All files with a PA extension and any file name
from three to five characters long beginning with

TES.

??.?? All files with file names of two characters or less.
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The asterisk and the question mark can be specified together in

the same command line:

???.* All files with file names of three characters or less.

A specification may not contain embedded *'s, e.g., A*B.* is

an illegal specification and will produce the following message:

ILLEGAL SYNTAX

If an * or ? is included in a command other than COPY,
DELETE, DIRECT, LIST, RENAME, or TYPE, the following

message appears:

ILLEGAL * OR ?

See the FOTP section of Chapter 2 for more detail about using

the wild card construction.

INDIRECT COMMANDS (@ CONSTRUCTION)
When many file names and options are to be included in a

single CCL command, they can be put into a file and thus need

not be typed each time they are required. This is accomplished by

the use of the @ file construction, which may appear anywhere

within the argument portion of a CCL command. The @ con-

struction is of the form:

@dev:file.ex

If dev: is omitted, DSK: is assumed. The word file must be a file

name. If the extension (ex) is omitted, .CM is assumed.

The information in the specified file is then put into the com-

mand string to replace the characters @ file.ex. For example, if the

file FLIST.CM contains the string:

FILEB,FILEC/L,FILED

then the CCL command

.COMPILE FILEA, FI LEB, FILEC/L, FILED, FILEZ

could be replaced by the CCL command

.COMPILE FILA, §FLI ST, FILEZ
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Carriage returns and line feeds within the file are ignored, but nulls

are not; the nulls signify end-of-line. Command files may not ex-

ceed one block in length. If a command line is more than 512
characters in length, the following message is printed:

COMMAND LINE OVERFLOW

NONSTANDARD FILE NAMES (.# CONSTRUCTION)
In rare instances, a user may create a file that has a file name

unacceptable to OS/ 8. For example, a file name could contain

embedded spaces: ABC D.EF. CCL provides an alternate means
of specifying an 8-character file name (6 characters of name and 2
of extension, separated by a dot). The alternate specification is a

16-digit sequence of octal numbers which represent the internal

packed 6-bit representation for the file name. These octal digits are

preceded by a # to identify them as an alternate file name.

For example, the file name:

ABC D.EF

could be replaced by:

#0102036404000506

The 64 is the octal representation for a space. Note that all 16
digits must be given to use the alternate specification even though
the file name does not contain 16 digits. This is done by specifying

00 for any nonexistent characters. If all 16 digits are not present,

CCL prints the message:

BAD NUMBER

See Appendix A for a table listing the 6-bit octal code to be
used in the alternate file name construction.

BACKSPACE Command
The BACKSPACE command runs the OS/ 8 CAMP program

and spaces a magnetic tape or cassette backward a specified num-
ber of files or records. This CCL command works in exactly the

same way as the CAMP BACKSPACE command. When CAMP
has completed a backspace operation, control returns to the Key-
board Monitor. See the CAMP section of Chapter 2 for a detailed

explanation of the BACKSPACE command.
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BOOT Command
The BOOT command chains to the OS/8 BOOT program,

allowing the user to bootstrap onto another device or onto another

PDP-8 system. The BOOT command is of the form

:

.BOOT/dv

where dv is a mnemonic listed in Table 2-5 in the BOOT section of

Chapter 2. For example, the command:

.BOOT/RF

bootstraps onto the RF08 disk.

If the user wishes to halt before performing the actual bootstrap,

he can type the BOOT command followed by a period, e.g.

.BOOT/CA.

The computer will halt, allowing the user to mount a new device.

Pressing the CONT switch completes the bootstrapping operation.

This form of the BOOT command is particularly useful when only

a single disk or DECtape drive exists on the system.

CCL Command

The CCL command disables the CCL program on the OS/

8

Keyboard Monitor residing on the system device. This command

has no arguments and is of the form

:

.CCL

When the CCL command is used, the CCL feature of OS/8 is

deactivated; OS/8 will not accept CCL commands. If CCL is

desired at a later time, it must be reactivated with the R command,

i.e.,

.R CCL

COMPARE Command
The COMPARE command runs SRCCOM and compares two

source files line by line and prints all their differences. This com-

mand has the form:
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•COMPdev:file.ex<dev:file.ex,dev:file.ex

See the SRCCOM section of Chapter 2 for a complete descrip-
tion of SRCCOM.

COMPILE Command
the COMPILE command produces binary files"and/or compila-

tion listings for the specified program files. The assembler or com-
piler used is determined by the source file extension.

The COMPILE command is of the form:

.COM file.ex<file.ex

Table 1-17 lists the extensions and the compiler or assembler to
which the COMPILE command will chain.

Table 1-17 Compiler/Assembler Extensions

Extension Program

•BA BASIC
•FT FORT if present on SYS when CCL was enabled; other-

wise F4.

PA PAL8
•RA RALF
•SB SABR

If no extension is explicitly given, each possible extension is
tried m order until one is found and the appropriate compiler is
invoked. If no output file name is specified, the name of the first in-
put file is assumed.

If a nonstandard OS/8 file extension is used, i.e., other than
those listed in Table 1 - 17, a processor switch of the form

:

-ex

can be included in the command line to indicate the compiler/
assembler to which COMPILE must chain. This processor switch
must be a legal 2-character OS/8 extension. For example to
assemble a file named HANDLR.03 with the PAL8 assembler ' the
user would type:

'

.COMPILE HANDLR. 03-PA
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Each time the COMPILE, LOAD, PAL, or EXECUTE com-

mand is executed, the command with its arguments is remembered

in a temporary file. Therefore, the file name used last can be

recalled for the next command without specifying the arguments

again. If, for example, the EXECUTE command

:

.EXECUTE TEST 1. PA

was entered previously, then the COMPILE command to specify

TEST 1.PA could be:

.COMPILE

COPy Command
The COPY command transfers files from one OS/ 8 I/O device

to another. The command string can contain one output specifica-

tion and from one to five input specifications. This command runs

FOTP and includes the /L option among any other options

specified by the user.

The COPY command is of the form

:

.COPY dev:file.ex<dev:file.ex

When the user enters a COPY command, the message:

FILES COPIED:

is printed and each file copied is listed on the terminal.

^The^foUowing command copies all files with .FT extensions from

DTAO to DSK.

.COPY DTA0:*.FT
FILES COPIED:
PROG 1. FT
DTA3.FT
TEST. FT

The following command transfers all files from four to six char-

acters long beginning with FILE and having any extension.
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.COPY DTA2:<DTA0: FILE??.*
FILES COPIED:
FILEi.PA
FILE2.PA
FILEX.DA
FILEZ.BN

To understand the COPY operation, see the FOTP section of

Chapter 2.

CORE Command
The CORE command can be used in two different ways. One

way is the same as the CORE command in BUILD to specify the

highest core field available to the OS/8 system. This form of the

CORE command is

:

.CORE n

where n is an octal number in the range to 7, specifying the num-
ber of 4K core banks available to OS/8. The following table indi-

cates the value of n for the available core sizes.

n core

all available core

1 8K
2 12K
3 16K
4 20K
5 24K
6 28K
7 32K

For example, a system which is to use only 20K of a 32K system

would have the following CORE command:

CORE A

The other form of the CORE command is the command typed

without an argument. When this form is used, the amount of core

actually in use by OS/ 8 is printed on the terminal. For example, if

a 32K system has been restricted to 20K by the. CCL or BUILD
CORE command, the following would appear:

.CORE
20K/32K CORE!
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If all available core is in use on a 32K system, the following would

be printed.

• CORE
32K CORE!

CREATE Command
The CREATE command runs EDIT (the OS/ 8. Symbolic

Editor) and opens a new file for creation. The file specification

must consist of a single output file only. For example:

. CREA TEST 1. FT

is the same as

. R EDIT
*TEST1.FT<

If no argument is given, the argument used in the last CREATE or

EDIT command is assumed. See the Symbolic Editor section in

this chapter for a detailed explanation of EDIT.

CREF Command
The CREF command runs the PAL8 assembler, including the

/C option which causes PAL8 to chain to the CREF program.

CREF produces a cross-reference listing file. If no listing file is

specified, the listing is sent to the line printer. For example, the

following command produces a CREF listing of the file DSK:

PROG.PA on the line printer.

.CREF PROG

DATE Command
If an argument is given with the DATE command, it is treated

as the standard Keyboard Monitor DATE command. If no argu-

ment is given, this command prints the current day and date on

the terminal or prints NONE if no date was specified. For example:

.DA
THURSDAY JANUARY 31* 1974

If the user has created a file named DATE.SV, the DATE com-

mand runs that program, allowing the user to implement messages

of the day.
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DEASSIGN Command
The DEASSIGN command is exactly the same as the Keyboard

Monitor DEASSIGN command. If CCL is enabled, CCL performs

this function instead of the Monitor.

DELETE Command
The DELETE command deletes one or more files from disk or

DECtape. The command string can contain one output specifica-

tion and from one to five input specifications. This command runs

FOTP and includes the /D and /L options among any other

options specified by the user.

The DELETE command has the form:

.DEL dev:file.ex<dev: file.ex/options

When the user enters a DELETE command, the^message:

FILES DELETED:

is printed and each file deleted is listed on the terminal.

Examples:
"

The following example deletes any DSK file with a .BN exten-

sion if a file with the same name and a .PA extension exists on

DSK.

.DEL *.BN<*.PA
FILES DELETED:
TEST1.BN
TEST2.BN

The following example deletes from DTAO any file of five or

less characters that begins with DATA and has any extension.

.DEL DTA0:DATA?.*
FILES DELETED:
DATA1.PA
DATALLS
DATA3.BN
DATA6. PA

To understand the DELETE operation, refer to the FOTP
section of Chapter 2.
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DIRECT Command
The DIRECT command produces listings of OS/8 device

directories. The directories produced can be of several varieties,

depending upon the options specified in the DIRECT command
line. The standard directory listing consists of the following

columns: file name, file name extension, length in blocks written,

and creation date. The DIRECT command runs the DIRECT
program. See the DIRECT section of Chapter 2 for a complete

description of DIRECT and the available options.

In addition to the DIRECT options specified, the CCL options

-L, -P, -T, and -S can be used in the DIRECT command line. For

example, the command:

. DIR DTAl:/C-L

is the same as

. R DIRECT
*LPT:<DTAl: /C

Both these commands will list on the line printer all files with

the current date that exist on the DECtape on DTA1.

EDIT Commands
The EDIT command runs EDIT (the OS/ 8 Symbolic Editor)

and opens an already existing file for editing. For example, the

CCL command:

• EDIT DATA1

is the same as:

. R EDIT
* DATA 1< DATA 1

For a detailed explanation of EDIT, refer to the Symbolic Editor

section in this chapter.

If no argument is given, CCL assumes the argument used in the

last CREATE or EDIT command. If the EDIT command is used

with the < option, e.g.,

. EDIT TEST3<TEST2
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CCL remembers the argument up to but not including the <. Thus
the next EDIT command with no argument will edit the file TEST3.

EOF Command
The EOF command runs the CAMP program and writes a single

mark (file gap) on the specified magnetic tape or cassette. The
EOF command has the form:

.EOF dev:

where "dev" may be either MTAn or CSAn, signifying the device
on which the file mark is to be written. For example:

EOF MTA3:

writes an end-of-file mark on the magnetic tape mounted on MTA3.
The CCL EOF command operates in the same way as the

CAMP EOF command. See the CAMP section of Chapter 2 for a
detailed explanation of the CAMP commands.

EXECUTE Command
The EXECUTE command produces binary files and/or com-

pilation listings for the specified program files, loads the binary
file, and executes the program. The EXECUTE command has the
form:

.EXE file.ex,file.ex

The assembler or compiler used is determined by the source file

extension. In addition to the extensions listed in Table 1-17, the
EXECUTE command includes the following:

Extension Program

•BN ABSLDR
•RL LOADER or LOAD

If no file is specified, a search is made for a file with one of the
above extensions. The first such file found is executed.
The EXECUTE command, like the COMPILE command, will

accept processor switches in the -ex form to control the compiler or
assembler used.

Each time the EXECUTE, LOAD, PAL, or COMPILE com-
mand is executed, the command with its arguments is remembered
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in a temporary file. If no argument is specified ma EXECUTE

command, CCL remembers the argument of the last COMPILE,

PAL, or LOAD command. For example, if the COMPILE com-

mand:

.COMPILE FILE1.PA

was previously executed, then the EXECUTE command to specify

FILE1.PA could be:

.EXECUTE

The HELP command prints useful information on specified

OS/8 programs. Each OS/8 program has a HELP file (.HL ex-

tension). It is these HELP files that are printed when a HELP

command is issued.

If OS/8 software was supplied on DECtape (or LINCtape), the

HELP files are present on System Tape #2 and can be run by

mounting that tape and specifying the unit in the HELP command.

For example, to print the HELP file for FOTP from the DECtape

mounted on DTA1, type:

.HELP DTAl: FOTP

If the OS/ 8 software is supplied on paper tape, the HELP files

are on DEC-S8-OSYSB-A-PA. The HELP file tape is composed

of separate segments with a short length of leader/trailer code be-

tween them. The files are listed below in the order that they appear

on the tape. These file segments must be separated and labeled be-

fore they can be used.

DIRECT.HL
BATCH.HL
SABR.HL
PIP.HL
FOTP.HL
ABSLDR.HL
PIP10.HL

BOOT.HL
LOADER.HL
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BITMAP.HL
EDIT.HL
CREF.HL
BUILD.HL
PAL8.HL
ODT.HL
SRCCOM.HL
CCL.HL
TECO.HL
FORT.HL
LOAD.HL
LIBRA.HL
EPIC.HL

The HELP files must be transferred onto the system device.
This is done by using PIP to load the paper tape and save the file
on the system device. For example, to load and save CCL.HL, the
user puts the appropriate tape in the reader and types the following:

• R PIP
*CCL.HL<PTR:$ $=ALTMODE

If the OS/ 8 software is supplied on cassettes, the HELP files
must be transferred onto DSK with MCPIP. OS/8 HELP files are
supplied on the system cassette DEC-S8-OSYSB-A-TC4. To load
and save a HELP file, mount this cassette on cassette unit 0, drive
0. For example to load CAMP.HL from the cassette mounted on
CSAO, type:

• R MCPIP
*DSK: CAMP. HL<CSA0: CAMP.HL

Once the desired HELP file is present on DSK, the HELP com-
mand can be issued by specifying the desired file name. If no ex-
tension is specified, the .HL extension is assumed. If no file name is
specified, CCL.HL is assumed. The HELP file is printed on the
terminal if no output device is specified.

LIST Command
The LIST command lists the contents of the specified file on the

specified device. This command runs FOTP and includes the /U
option. The LIST command has the form

:
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.LI dev:file.ex<dev:file.ex

If no output device is specified, LPT is assumed.

"LOAD Command
The LOAD command runs one of the OS/ 8 loaders, depending

on the extension of the first specified input file. The LOAD com-

mand is of the form

:

.LO file.ex

A .BN extension runs ABSLDR. A .RL extension runs

LOADER (or LOAD). If no extension is given, a search is made

e— „ £i<> «ntVi ,t>«p n>f tKpcf pYtpmions. The /G ootion mav be

specified to start execution of the program after it is loaded. If no

argument is given, CCL remembers the argument of the last COM-

PILE, PAL, or EXECUTE command.

MAKE Command
The MAKE command runs TECO and opens the specified file

for output. The MAKE command has the form:

.MA dev: file.ex

If no device is specified, DSK is assumed. If no file extension is

specified, .PA is assumed. If the file specified already exists, CCL

prints the message:

%SUPERCEDING

Example:

The CCL command:

.MA DTAl:TEXT.TX

is the same as the following:

.R TECO
*EWDTAl:TEXT.TX$S
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To use the MAKE command, the user, must be familiar with

TECO as explained in Chapter 2,

MAP Command
The MAP command runs BITMAP and produces a core map of

the specified file. The MAP command is of the form:

.MAP dev:file.ex

If no output device is specified, TTY is assumed. If no extension

is specified, .BN is assumed.

Example:

The CCL command:

• MAP TEXT, DATA

is the same as

. R BITMAP
*TTY:<TEXT.BN,DATA.BN

See the BITMAP section of Chapter 2 for a complete explana-

tion of the BITMAP program.

MUNG Command
The MUNG command allows the user to operate on source files

and text using a predefined TECO macro. This command has the

form:

.MUNG dev:file.ex,text

The MUNG command runs TECO which reads the first page of

the specified file into Q-register Y. The contents of this file are

assumed to be a TECO macro. If no extension is specified, ,TE is

assumed. If a dot is typed after the file name, no extension is

assigned.

After the page is read in, all text between the comma and the

end of the line is entered into the TECO text buffer. This text is

presumed to be an argument to the macro. If no text is desired, no
comma is necessary. With the text pointer at the end of the buffer,

the macro in Q-register Y is executed. In the following example, the

text will specify source files to be edited by the TECO macro.

,
If the text argument is too long, CCL prints the error message:

COMMAND TOO LONG
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Example:

This example assumes that the user wishes to remove the line

feeds from several files that contain carriage return and line feed

characters at the end of each line. This operation is desirable for

certain data files.

To perform this operation, the user has created a file called

MACRO.TE. This file contains the following.

hx !
Argument to Q-register 1

! hkgy ! Move macro into text buff

! j2Sfile$-4DG1! Enter argument into macro

! J2SSTART!$0, .K! Remove preamble
t t tn/vvff i . Tncorf ^Ammcitin in Vtll l'

« hximi ! Move text buff into Q-register 1

and execute as macro

!! START!
EBFiLES! Open file

* * ** Any user TECO code may be substituted here * * *

$ _ D> ,
Search for and remove line feeds

! <N
$ _ .

! ex; Exit back to Monitor

To remove the line feeds from a series of files, the user specifies

the name of the above file (MACRO.TE) and the name of the file

from which the line feeds are to be removed. For example:

.MUNG MACRO ,F I LEI .DA

.MUNG MACRO* FILE2. DA

.MUNG MACRO* FILE 10.DA

PAL Command
This command runs PAL8 and assembles the source file specified

as the argument of the PAL command. The PAL command has the

form:

.PAL file.ex

If no extension is given, a search is made for a file with a .PA

extension. If no argument is given, CCL remembers the argument

of the last COMPILE, EXECUTE, or LOAD command.

See Chapter 3 for a detailed explanation of PAL8.
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PRINT Command
The PRINT command runs a program named LPTSPL, if the

user has such a program on his OS/8 system. This can be 'a user-
written program or a program obtained from DEGUS.

PUNCH Command
The PUNCH command runs PIP and punches the file specified

on paper tape. This command has the.form

:

.PU dev:file.ex<dev:file.ex

If no output is specified, PTP is assumed.

RENAME Command
The RENAME command renames one or more files on disk or

DECtape. The command can contain one output specification and
one input specification. RENAME changes the name of the file

from the input file name to the output file name. This command
runs FOTP and includes the /R option. The form of the RENAME
command is:

.REN dev:file.ex<dev:file.ex

When the user enters a RENAME command, the message:

FILES RENAMED:

is printed and each file renamed is listed on the terminal.
Examples:

.REN DTA0:FILE0.TX<DTA0:FILE1.TX
FILES RENAMED:
FI L E 1 . TX

• REN NEWONE. BN<OLDQME. BN
FILES RENAMED:
OLDONE. BN

RES Command
The RES command runs the RESORC program and lists the

device handlers present on an OS/8 system. This command has the
form:

•RES dev:file.ex<dev:file.ex/options
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Any option allowed on a RESORC command line is allowed

with the RES command. See the RESORC section of Chapter 2 for

a detailed explanation.

REWIND Command
The REWIND command runs the CAMP program and issues a

rewind command to a specified OS/8 device controller. This com-

mand operates in the same way as the CAMP REWIND command.

See the CAMP section of Chapter 2 for a complete description of

the REWIND command.

SKIP Command
The SKIP command runs the CAMP program and advances

over the number of files or records specified on a magnetic tape.

' See the CAMP section of Chapter 2 for a complete description of

the SKIP command.

SQUISH Command
The SQUISH command runs PIP, including the PIP /S option.

This command has the form:

.SQdev:<dev:

If no output device is specified, the output device is assumed to

be the same as the input device. The following example:

.SQUISH SYS:

is the same as the PIP command:

*SYS:<SYS: /S$

SUBMIT Command
The SUBMIT command runs the BATCH program. This com-

mand is of the form:

.SUBMIT dev:file.ex<dev:file.ex

where the output dev and file.ex are the optional spooling output

file and the input dev and file.ex are the BATCH input file. If no

device is specified, DSK is assumed. If no input extension is speci-

fied, .BI is assumed. See the BATCH section of Chapter 2 for a.

complete description of the BATCH program.
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TECO Command
The TECO command runs the TECO program which then opens

the specified input file for reading and creates an output file. The
TECO command may have one output file and at least one input

file as arguments. If no argument is specified, the argument used in

the last TECO or MAKE command is assumed. If no output file

is specified, TECO does an edit backup on the specified file. If no

file extension is specified, .PA is assumed.

Examples:

The CCL command:

• TECO FILE.BA

is equivalent to

. R TECO
*EBFILE.BA£YS$

and the CCL command:

. TECO WIN2. PA<LTA2: WIN. PA

is equivalent to

.R TECO
WINS. PASERLTA2: WIN. PASY $$

The first page of the input file is read into the text buffer before

control is returned to the user.

If the TECO command is used with the < option, e.g.,

.TECO FILE1<FILE2

CCL remembers the argument up to but not including the <. Thus
the next TECO command with no argument will edit the .file

FILE1.

TYPE Command
The TYPE command runs the FOTP program, including the /U

option, and prints the specified file. The form of this command is:
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.TY dev:file.ex<dev:file.ex

If no output device is specified, TTY is assumed. Thus the CCL
command:

.TY DTA0:TEST1.DA

is the same as

• R FOTP
*TTY: <DTA0: TEST 1 . DA/L/U

UA, UB, UC Commands
TVio tta ttr smH TTf cnmmanHQ are. used tn remember and

recall arguments. When one of these commands is typed with an

argument, CCL remembers the argument in a temporary file. This

argument must be a legal CCL command. For example:

.UA COPY DSK:<DTA0:*. FT

If the UA command is then typed without an argument, the last

UA argument is recalled and executed as a CCL command.

UNLOAD Command
The UNLOAD command runs the CAMP program and issues a

rewind and turn off line command to the specified magnetic tape

controller. This command may also be used to rewind a DECtape

or to write-lock an RK8E disk. See the CAMP section of Chapter

2 for a complete description of the UNLOAD command.

VERSION Command
The VERSION command prints the version numbers of both the

OS/ 8 Keyboard Monitor and CCL. This command has no argu-

ments and is of the form:

.VER

ZERO Command
The ZERO command runs PIP, including the /Z option, and

zeroes the device specified. Only file structured devices can be
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specified in a ZERO command. The CCL command:

. Z ERO DTA7 :

is equivalent to

.R PIP
*DTA7:/Z<$

CCL Error Messages

The following error messages may appear in response to a CCL
command.

Table 1-18 CCL Error Messages

Message

BAD DEVICE

BAD EXTENSION

BAD MONITOR

BAD NUMBER

BAD RECOLLECTION

BAD SWITCH OPTION

Meaning

The device specified in a CCL
command is not of the correct

form, (e.g., DTAO.PA:).
Either an extension was specified

without a file name (e.g.,

DTAL.PA) or two extensions

were specified (e.g., DTA1:
FILE.PA.BN).
The version of the Keyboard
Monitor feeing used is not com-
patible with CCL. A newer ver-

sion of the monitor must be
obtained from Digital before
CCL can be used.

A CCL command which uses

the # construction does not
have the full 16-digit specifica-

tion that is required.

An attempt was made to use a
previously remembered argu-
ment when no argument was
saved. This error occurs when
no argument was previously
saved or when the DATE com-
mand has been used since the
argument was saved.

The character used with a slash

(/) to indicate an option is not a
legal option.
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Table 1-18 CCL Error Messages (Cont.)

Message

CANNOT CHANGE CORE
CAPACITY WHILE RUNNING
BATCH

% CAN'T REMEMBER

CCL 3X OVERLAY &
MONITOR INCOMPATIBLE

COMMAND LINE
OVERFLOW

COMMAND TOO LONG

CONTRADICTORY
SWITCHES

name DOES NOT EXIST

ERROR IN COMMAND

ILLEGAL * OR ?

ILLEGAL SYNTAX

INPUT ERROR READING
INDIRECT FILE

Meaning

A CORE command was issued

while the BATCH program was

running.

The argument specified in a

CCL command line is too long

to be remembered or an I/O

error occurred.

The version of CCL being used

is not compatible with the Key-

board Monitor present on the

system. Type R CCL to retry.

1 11C uuiiiuiauix ine

with the @ construction is more

than 512 characters in length.

The length of a text argument

in a MUNG command is too

long.

Either two CCL processor

switches were specified in the

same command line (e.g., FILE-

PA-FT) or the file extension and

the processor switch do not

agree (e.g., FILE.FT-BA).

The device with the name given

is not present on the OS/

8

system.

A command not entered directly

from the console terminal is not

a legal CCL command. This

error occurs when the argument

of a UA, UB, or UC command
was not a legal command.

An* or ? was used in a CCL com-

mand that does not accept the

wild card construction. Only

CCL commands that run FOTP
or DIRECT allow the wild card

construction.

The CCL command line was

formatted incorrectly.

CCL cannot read the file speci-

fied with the @ construction.
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Table 1-18 CCL Error Messages (Cont.)

Message

I/O ERROR ON SYS:

I/O ERROR TRYING TO
RECALL

NO CCL!

NOT ENOUGH CORE

name NOT FOUND

%SUPERCEDED

SWITCH NOT ALLOWED
HERE '

TOO MANY FILES

Meaning

An error occurred while doing
I/O to the system device. The
system must be restarted at

7600 or 7605 (see Restarting

OS/ 8 in the Getting On Line

With OS/ 8 section of this chap-

ter). Do not press CONT, as

that will surely cause further

errors.

An I/O error occurred while

CCL was trying to remember an.

argument.

CCL.SV is not present on the

system device. Refer to the Get-
ting On Line section of this

chapter for instructions on
loading programs onto the sys-

tem device.

The number, specified in a

CORE command is larger than
the number of 4K core banks
on the system.

The file with the name given is

not present on the specified

device, or the user tried to

input from an output-only

device.

The file specified in a MAKE
command already exists. This is

a warning message indicating

that the file is being replaced.

Either a CCL option was speci-

fied on the left side of the < or
was used when not allowed.

For example: COMPARE
FILE-NB.
Too many files were included in

a CCL command.
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SYMBOLIC EDITOR
The Symbolic Editor is used to create and modify ASCII source

files so that these files may be used as input to other system pro-

grams (such as FORTRAN, SABR, and PAL8).
The Editor considers a file to be divided into logical units called

pages. A page of text is generally 50-60 lines long, and corresponds

approximately to a physical page of a program listing. (Note that

this is not the same as a core memory page.) The Editor reads

one page of text at a time from the input file into its internal buf-

fer where the page becomes available for editing. The Editor con-

tains commands for creating, modifying, or deleting characters,

lines, or complete logical pages of text.

Calling and Using the Editor

To call the Editor from the system device, type:

R EDIT

in response to the dot (.) printed by the Keyboard Monitor. The

system prints an asterisk (*) at the left margin, and in answer to

the asterisk, the user types the device designation and the output

file name, a left angle bracket, and the input device and file desig-

nation^). For example:

*DSK:ABC<PTR:, DSK:AA1

causes input from the paper tape reader and from a file named

AA1 on DSK. The output file is named ABC and is stored on

DSK.

Once I/O file designations are entered, the Symbolic Editor is

ready to accept commands from the keyboard and signifies its

readiness by printing a number sign ( # ) at the left margin. This

symbol occurs whenever the Editor is waiting for a command.

Any device which operates in ASCII mode and has a device

handler in the system is available for use by the Editor. For ex-

ample, the high and low-speed reader/punch, DECtape, disk,

card reader and line printer are each legal devices. The Editor

only operates properly on ASCII files, however. No error message

is given if non-ASCII files are input to the Editor, but the results

of operations are garbled.
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As many as nine and as few as zero input files are permitted.
If the number of input files is zero, (that is, a new file is to be
created using the terminal keyboard) the Editor allows input from
the keyboard via the Append command. 3 The Editor uses a key-
board input routine which is independent of the OS/8 terminal
handler, thus it is not necessary to specify TTY: as an input device
it text is to be created. (It is, in fact, recommended that TTY- not
be used as an input device, as input buffering may cause a loss of
characters on input.) Commands which attempt to read from any
other device (when no file name is specified) are disabled, and a
question mark (?) appears when a Read command is attempted
The Editor allows only one output file. If no output file is speci-

fied, the only output operations which may be performed are L
(list buffer on TTY:) or V (list buffer on LPOSJine printer).

EDITOR OPTIONS
The following three options are the valid I/O specification op-

tions for the Editor. (The format for I/O specification options has
been previously described in the section detailing the Command
Decoder. After reading these options, the reader is advised to turn
to that section to review the various formats.)

Table 1-19 Editor Options

°Ption Meaning

/A Return control to the Editor after the file is closed (calls
Command Decoder for new files). If /A is not used, con-
trol returns to the Keyboard Monitor.

Convert two or more spaces to a TAB when reading from
input device.

5

Delete the old copy of the output file (if one exists) before
opening the new output file on the device. If /D is not
used the old copy of the output file is not deleted until all
data has been transferred to the new file by an E or O
command. ^

/B

/D

'aSa nrnS^ ** **** f0r an ilIust^ion of using the Editor tocreate a program
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For example, the I/O specification line:

*DTA2:FILE<DTA1:ARG/D

deletes FILE on DTA2 (if such a file exists) before creating a new

FILEonDTA2.

Special Key Commands to the Editor

The Editor can be considered as operating m two different

mnHes Durine command mode, the Editor prints a # at the left

margin indicating that it is waiting for a command from the key-

board. Text mode is the condition of the Editor when it is process-

ing various editing and I/O commands (such as Insert and Ap-

PC

The following commands allow the user to transfer between

modes. (These commands are produced by pressing the CTRL

key and the appropriate character key simultaneously.)

Table 1-20 Editor Key Commands

Mode in Which

Command Used Meaning

CTRL/C Text and command Returns control to the Key-

mode board Monitor. The text buffer

is retained and the Editor re-

mains accessible to the user

with the START command. In

text mode, text between the last

carriage return and the fC is

lost.

The START command can be

used to restart the Editor as

follows:

^STARX
*

START recalls the Command
Decoder to accept new I/O
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Table 1-20 Editor Key Commands (Cont.)

Command
Mode in Which

Used

CTRL/O

CTRL/FORM

CTRL/U

Text Mode

Text Mode

Text Mode

Meaning

file designations. When the

START command is given, and
the previous output file is not

closed, that output file and the

contents of the output, buffer

are deleted.

Stops the listing of text. Re-
turns control to Command
Mode.

Returns the Editor to Com-
mand Mode.

Typing CTRL/U while enter-

ing text from the keyboard
causes text in the current line

to be ignored. A carriage re-

turn/line feed is generated and
the line may be retyped. (The
command is equivalent to typ-

ing rubouts back to the begin-

ning of the line.)

Other special Editor characters used to represent numbers or

perform erasures are listed in Table 1-21

.

Table 1-21 Special Characters

Character

#

Example Meaning

. + 1C

.-7L

.L

/-7L
/-5L

#

The dot (.) character is used as the

current line counter character. The
dot can be used alone, with + or —
an integer, or any place where a

number can be used.

The slash character is similar in use

to the dot and represents the high-

est numbered line in the text buffer.

Typing the # in response to Edi-

tor's prompting # prints the cur-

rent version number of the Editor.
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Table 1-21 Special Characters (Cont)

Character Example Meaning

RUBOUTKey Typing the RUBOUT key in text

mode deletes one character from
the text buffer and causes a back-

slash to be printed. The erasure is

done right to left up to the last

CR/LF. Typing the RUBOUT"key

in command mode causes the entire

command line to be deleted.

Editor Text Buffer

In text mode, the Editor performs I/O operations on text stored

within the text buffer. Text is input to the Editor buffer until a

form feed is encountered on input. A line of text is terminated by

a carriage return. If no carriage return is present, the text entered

on that current line is ignored. The buffer has room for approxi-

mately 5600 (decimal) characters. When text has been input- to

the extent that there are only 256 decimal locations available in

the buffer, the TTY rings a warning bell. From this point on,

whenever a carriage return is detected during text input, control

returns to the Editor command mode and the TTY bell is rung.

This line-at-a-time input may continue until the absolute end of

buffer is encountered. At this point, no more text will be accom-

modated in the buffer; a '?' is printed and control returns to com-

mand mode.

TEXT COLLECTION
The OS/8 version of the Editor contains an automatic text col-

lector which reclaims buffer space following the use of a D (delete),

S (Search), or C (Change) command. Formerly, deleted text was
not physically removed from the buffer; now this text is removed

by the text collector, and the necessary pointers updated. If a full

buffer condition is reached, the user may output lines of text

(using the Punch command, for example), and then delete these

lines from the buffer—text collection is automatic and always oc-

curs on the three commands mentioned above.
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NOTE
If extremely large amounts of text are de-

leted, the text collection process could take

several seconds. For small amounts of text,

no appreciable time is lost.

Search Mode
There are two types of searches available in the Editor. The

first is the standard character search, and the second is the char-

acter string search which allows the user to search for a combina-
tion of characters. Each is explained in turn.

SINGLE CHARACTER SEARCH
The single character search is of the form:

#S "

°r
#nS

0r # c#m,nS

where m and n represent line numbers (m^n), and S initiates the

search command. 4
This search command searches the entire text

buffer or the line(s) indicated for the search character. The search

character is typed by the user after he types the RETURN key

which enters the command, and does not echo on the terminal

The Editor prints the contents of the entire buffer or the indicated

line(s) until the search character is found. When the search char-

acter is found, printing stops and the user may type one of the

following:

Option Result

text Enter text at that point at

which the search character was

found and printing stopped.

CTRL/G (TTY bell rings) Change the search character

to the next character typed;

search continues. If the char-

acter is not contained in the

line, the remainder of the line

will be printed and control will

be returned to command mode.

4A command summary is included in Table .1-23 at the end of this section.
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Option Result

CTRL/FORM Continue searching for the next

occurrence of the character.

RETURN key End line here, deleting all sub-

sequent text on that line.

LINE FEED key Make two lines out of the cur-

rent line by inserting a car-

riage return at this point.

RUBOUTkey Delete characters from this

line. Each rubout echoes a

backslash (\) for each char-

acter deleted. When all char-

acters have been deleted,

echoing of 'V stops.

CHARACTER STRING SEARCH
The character string search can identify a given line in the buf-

fer by the contents of that line or any unique combination of char-

acters. This search returns the line number as a parameter that can

be used to further edit the text. There are two types of string search

available: intra-buffer search and inter-buffer search.

Intra-Buffer Character String Search

The intra-buffer search scans all text in the current buffer for

a specified character string. If the string is not found, a ? is printed

and control returns to command mode. If the string is found, the

number of the line which contains the string is put into the current

line counter and control waits for the user to issue a command.

Thus, searching for a character string in this manner furnishes a

line number which can then be used in conjunction with other

Editor commands. This provides a useful framework for editing,

as it eliminates the need to count lines or search for line numbers

by listing lines.

An intra-buffer search is signalled by typing the ALT MODE
key (which echoes as $) in response to the Editor's #. The user

then types the string to be found (up to 20 characters long—any

additional characters typed are echoed but not included in the

search). The search string cannot be broken across line boundaries.
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Typing a single quote (') terminates the character string and

causes the search to be performed, beginning at line 1 of the text

buffer. Use of the double quote (") causes the search to begin

at the current line +1. (Use of ' and " as command elements pro-

hibits their use in the search string.)

For example, assume the text buffer contains the following text:

ABC DEF GJO *

1A2B3C4D5E6 -

.STRINGABCD

The user wants to list the line that contains ABC; he types:

#$ABC'L

The search begins with line 1 and continues until the string is

found. The current line counter is set equal to the line in which

the string ABC occurred, and the L command causes the line to be

printed as follows:

ABC DEF GJO

Control returns to command mode, awaiting further commands. If

the user wanted to find the next reference to ABC, he could type:

#"L

In this case, " is a command which causes the last string searched

for to be used again, with the search beginning at the current line

+1. It is not necessary to enter the search string again. The com-
mand may be used several times in succession. For example, if the

user wanted to find the fourth occurrence of a string containing the

characters FEWMET he could type:

#SFEWMET' l, ""L
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This command will list the line which contains the fourth occur-

rence of that string. The L (List) command (or any other com-

mand code) can be given following either ' or ". The L command

causes the line to be listed when and if it is found.

To clear the text string buffer, the user can type:

#$•

The system responds with a question mark and the text string

buffer is cleared.

The properties of the commands ' and " allow for easy and

useful editing, as the following example illustrates. In order to

change the CIF 20 to CIF 10, the user can give the following

commands:

#$DUM/'$CIF 20"C
CIF 10 /NEW FIELD (CTRL/FORM)

The above set of instructions first causes the Editor to start at line

1 and search for the line beginning with DUM,. A search is then

made for CIF 20, starting from the line after the line containing

DUM,. When this string is found, the line number of the line con-

taining the string CIF 20 becomes the current line number. The C

(Change) command is given, and the user then changes the line

to the correct instruction.

Since this search feature produces a line number as a result,

any operations which can be done by explicitly specifying a line

numbeF can be done by specifying a string instead. For example:

#SSTRING'+4L

will list the fourth line after the first occurrence of the text STRING

in the text buffer.

#SLABELW*$LABEL2, "L

will list all lines between the two labels, inclusive.

#$PFLUG'

S
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will do a character search on the line which contains PFLUG. (The
user types the search character after typing the RETURN key that

enters the line.)

In cases where both strings and explicit numbers are used,
strings should be used first. For example, the following commands:

#l + $BAD!. , L

will not list the next line after the string BAD! occurs. The correct
syntax is:

#$BAD! '+1L

Inter-Buffer Character String Search

The inter-buffer search scans the current text buffer for a char-
acter string. If the string is not found, the current buffer is written
to the output file, the buffer is cleared, and the next buffer is read
from the input device. The search then resumes at line 1 of the new
buffer. This process continues until either the string is found or no
more input is left. If input is exhausted, control returns to com-
mand mode with all the text having been written to the output file.

If the string is found, control returns to command mode with the
current line equal to the number of the line containing the first

occurrence of the string. For example, a command to find the

character string GONZO may appear as follows:

Igonzo*
#•=0024

The J command initiates an inter-buffer search; .the $ is printed
automatically by the Editor, and the user types in the character
string to be sought. The search proceeds, and when the string is

found, control returns to command mode. The user types the .=
construction to discover the number of the line in the current buffer
on which the string is contained. To find further occurrences of the
string GONZO, the user can use the F command. The F command
uses the last character string entered to search the buffer starting
from the current line count + 1

.
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#F

# .=0106

The above example causes a search for the string G.ONZO starting

at the current line -hi. If no output file is specified to the J or F

commands, the Editor reads the next input buffer without attempt-

ing to produce any output. This provides an easy way of paging

through text for a particular string.

After the J or F commands have processed the entire input file,

it is necessary to execute either an E or Q command to close the

output file. If this is not done, the file will be deleted by the

Monitor.

The following two commands may be used to abort the string

search command, once given:

Command Explanation

CTRL/U A CTRL/U will return control to the Editor com-

mand mode if executed while entering text in a

string search command; the string search com-

mand is ignored, as in the following example:

SWORD* U

The inter-buffer search for the characters WORD
was aborted by the user typing tU before ter-

minating the string with ' or ".

RUBOUT Executing the RUBOUT key while entering text

for a string search causes the text so far entered

to be ignored and allows a new string to be in-

serted. Editor answers the command by printing

$, as in the following example:

#$CHAR

An example of the use of the character string search is contained

in the OS/8 Demonstration Run in Appendix D.
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Editor Error Messages

Errors made by the user while running the Editor may be of two

types. Minor errors (such as an Editor command string error, an

attempt to execute a read or write command without assigning a

device, or a search for a nonexistent string) will cause a question

mark to be printed at the left margin. The command may be re-

typed. Major errors cause control to return to the Keyboard Moni-

tor and may be due to one of the causes listed in Table 1-22. These

errors cause a message to be printed in the form:

?ntC

where n is an error code and tC indicates that control has passed

to the Keyboard Monitor.

Table 1-22 Editor Error Codes

Error Code Meaning

Editor failed in reading a device. Error occurred in

device handler; most likely a hardware malfunction.

1 Editor failed in writing onto a device; generally a

hardware malfunction.

2 File close error occurred. For some reason the out-

put file could not be closed; the file does not exist

on that device.

3 File open error occurred. This error occurs if the

output device is a read-only device or if no output

file name is specified on a file-oriented output device.

4 Device handler error occurred. The Editor could not

load the device handler for the specified device. This

error should never occur.

During the editing of a file, the output device specified in the

command string may become full before the editing process is com-

plete. If this is the case and a write is attempted on that device,

an error occurs. The output file is closed, the message

:

FULL
*

1-89



is printed; control returns to the Command Decoder for a new
set of I/O specifications. The user must indicate a new output file

which will contain the text that would not fit on the output device,

and any further editing the user wishes to do. Since the contents

of the text buffer are retained through this procedure, no text

will be lost if this error occurs.

NOTE
If no output file is specified when control

returns to the Command Decoder, the Edi-

tor returns to the Command Decoder again

;

this continues until an output device is spe-

cified. However, specifying an improper

outDut device (such as PTRrl will cause a

fatal error and the output buffer will be

destroyed.

Assuming the output device is valid, the Editor will continue

the operation which filled the old file, putting all output into the

new output file. After editing is completed, the output files should

be combined with PIP. The entire process may appear as follows:

*DTA4:0UT3<

Device DSK: is full; DTA3: is specified

as the new output device, and editing

continues.

Device DTA3: has become full; DTA4:
is now specified as the output device, and
editing continues.

At this point the output "file" is the series of files—DSK: OUT,
DTA3:OUT2, and DTA4:OUT3. When output is split like this,

the split may have occurred in the middle of a line. Therefore, the

output files should never be edited separately as the split lines will

then be lost. In a case such as this, the files should be combined

with PIP as follows:
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.R PIP
*DTA2:0UT<DSK:0UT J DTA3:0UT2^DTA4:0UT3'

The new file, OUT, may then be edited.

Example Using the Editor

The following example illustrates both the use of the Editor to

create a new file, and a few of the commands available for editing.

Sections of the printout are coded by letter—corresponding ex-

planations follow:

A The user calls EDIT; the output file will be called FILE and

will be stored on the default device. There is no input file

since one will be created from the terminal keyboard. The

Append command is used to insert text into the empty buffer.

B Text is inserted.

C The user makes a mistake and uses the RUBOUT key to cor-

rect it.

D More text is added.

E The user notices a typing mistake he has made several lines

back in the text. He types a CTRL/FORM to finish the Ap-

pend command, searches for the illegal character, corrects it,

and then lists the line.

F The P command writes the current buffer into the output file

placing a form feed after the last line. The K command deletes

all text in the current buffer, in preparation for a new page

of text.

G The user inserts new text using the Append command. When
he is finished, he types a CTRL/FORM to end the command.

H The E command closes out the file. Control is returned to the

Keyboard Monitor.
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B

'.R EDIT
*FILE<

JfA
'•/PTP, PTR HANDLER FOR THOSE
/WITHOUT HIGH SPEED I/O

IFZERO NOHSPT+LIST <XLIST>
IFNZRO NOHSPT <

CLA CLL CMX\L /SET LINK
JMS PSETUP
KSF
JMP PTPCNT /KEYBOARD FLAG OFF
KRT
AND PTP177
TAD PTPM3

KRT\S

KRS

H
l.

SZA CLA
JMP PTPCNT

Summary of Editor Commands

The commands discussed in Table 1-23 can each be given when-

ever the Editor prints a # at the left margin. These commands are

of the general form:
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#x
#n X

or

#m,nX

where m and n represent the line number designation, (m<n) and

X represents the command letter. The command is entered to the

Editor with the RETURN key. Numbers used in Editor commands

are decimal numbers.

Table 1-23 Symbolic Editor Commands

Command Format Meaning

A #A Append the following text being typed

at the keyboard until a form feed

(ASCII 214 or CTRL/FORM) is

found. The form feed returns control

to command mode. Text input follow-

ing the A command is appended to

whatever is present in the text buffer.

B #B List the number of available core lo-

cations in the text buffer. The Editor

returns the number of locations on the

next line. To estimate the number of

characters that can be accommodated

in this area, multiply the number of

free locations by 1.7.

C #nC Change the text of line n to the line(s)

typed after the command is entered

(typing a form feed terminates the

command).

#m, nC Delete lines m through n and replace

with the text* line(s) typed after the

command is entered. (Typing CTRL/
FORM indicates the end of the in-

serted lines.) The C command utilizes

the text collector in altering text.

D #nD Delete line n from the buffer.

#m, nD Delete lines m through n from the

buffer. The space used by the line to

be deleted is reclaimed as part of the

DELETE function. (Refer to Text

Collection in the section entitled Ed-

itor Text Buffer.)
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Table 1-23 Symbolic Editor Commands (Cont.)

Command Format Meaning

#E Output the current buffer and transfer
all input to the output file, closing the
output file.

#F Follows a string search. Look for next
occurrence of the string currently be-
ing sought. (See section under Search
Mode concerning Inter-Buffer Charac-
ter String Search.)

#G Get and list the next line which has a
label associated with it. A label in this

context is any line of text which does
not begin with one of the following:

space (ASCII 240)
/ (ASCII 257)
TAB (ASCII 211)
RETURN (ASCII 215)

At the termination of a G command,
control goes to command mode with
the current line counter equal to the
line just listed.

#nG Get and list the first line which begins
with a label, starting the search at

line n.

#! Insert whatever text is typed before
line 1 of the text buffer. The form feed
(CTRL/FORM) terminates the enter-
ing process and sends control to the
command mode where Editor prints
a#.

-u.nl Insert whatever text is typed (until a
form feed is typed) before line n of
the text buffer.

J #J Inter-buffer search command for char-
acter strings (see section under Search
Mode concerning Inter-Buffer Charac-
ter String Search).

K #K Kill the buffer. Reset the text buffer
pointers so that there is no text in the
buffer.
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Table 1-23 Symbolic Editor Commands (Cont.)

Command Format Meaning

NOTE
The Editor ignores the commands
nK or, m,nK. This is to prevent

the buffer from accidentally being

destroyed if the user means to

type a List command (m,nL).

L #L List entire contents of the text buffer

on the terminal.

#nL List line n of the text buffer on the

terminal.

#m, nL List lines m through n of. the text buf-

fer on the terminal. Control then re-

turns to command mode.

M #m, n$xM Move lines m through n directly be-

fore line x in the text buffer. The $

character represents typing the dollar

sign key (SHIFT/ 4). The old occur-

rence of the moved text is removed;

no buffer space is lost.

N #N Write the current buffer to the indi-

cated output file and read the next

logical page.

#nN Write the current buffer to the output

file, zero the buffer, and read the next

logical page. This is done n times until

the nth logical page is in the text buf-

fer. Control then returns to command
mode.

The N command cannot be used with

an empty text buffer. ? is printed if

this is attempted.

P #P Write the entire text buffer to the out-

. put buffer.

#nP Write line n of the text buffer to the

output buffer.

#m, nP • Writes lines m through n, inclusive, to

the output buffer. When this buffer is
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Table 1-23 Symbolic Editor Commands (Cont.)

Command Format Meaning

full, the text is output to the indicated

output file. The P command auto-

matically outputs a FORM character

(214) after the last line of output.

Q #Q Immediate end-of-file. Q causes the text

buffer to be output. All text written

into the output buffer is then written

into the output file and the file closed,

with control returning to the Keyboard
Monitor.

R #R Read from the specified input device

and append the new text to the current

contents of the buffer. If no input file

was indicated or if no input remains,

a ? is printed and control returns to

command mode.

S #S Character search command (see the

section entitled Search Mode).

T #T Punch trailer tape. Causes 32 frames

of blank tape to be written into the

output buffer (only to non-directory

devices).

V #V If an LP08 line printer is available,

.

the V command causes the entire text

buffer to be listed on the line printer.

#nV List line n of buffer on the line printer.

#m, nV List lines m through n inclusive on the

line printer.

Y #nY Skip to a logical page in the input file,

without writing any output. For ex-

ample:

#5Y

reads through four logical pages of

input, deleting them without producing

output. The fifth page is read into the

text buffer and control automatically

returns to command mode.
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Table 1-23 Symbolic Editor Commands (Cont.)

Command Format Meaning

.•= or .

:

/=or /:

>

<

LINE FEED
Key

#

#$TEXT" Perform a character string search for
#$TEXT' the string TEXT. (See the section un-
#" der Search Mode concerning Intra-

Buffer Character String Search). Fol-

lowing a string search, #" causes a

search for the next occurrence of the

string.

By typing these characters the user

can obtain the current line number
(.=) and the last line number in the

text buffer (/=). The number is

printed, by the Editor immediately

after the user types the equal sign.

(The colon character is equivalent to

the equal sign.)

Equivalent to .+1L; list the next line

in the text buffer on the teleprinter.

Equivalent to .— 1L; list the next line

in the text buffer on the teleprinter.

Equivalent to ,+lL; list the next line

in the text buffer on the teleprinter.

Print the current Editor version num-
ber.

$<

PERIPHERAL INTERCHANGE PROGRAM (PIP)
PIP is the OS/ 8 system program which is used to transfer files

between devices, merge and delete files, and list, zero, and com-
press directories.

Calling and Using PIP
To call PIP from the system device the user types

:

R PIP

in response to the dot printed by the Keyboard Monitor. The Com-
mand Decoder then prints an asterisk at the left margin of the tele-
printer paper and waits to receive a line of I/O files and options.
PIP accepts up to nine input files and performs output to a single
output file; options generally are placed at the end of the com-
mand string.
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Since PIP performs file transfers for all file types (ASCII, Image

or SAVE format, or Binary), there are no assumed extensions as-

signed by PIP to file names for either input or output files. All

extensions, where present, must be explicitly specified.

Following completion of a PIP operation, the Command Pe-

coder again prints an asterisk at the left margin and waits for

another PIP I/O specification line. The user can return to the Key-

board Monitor by typing CTRL/C or by terminating the specifica-

tion line with ALTMODE.

PIP OPTIONS
The various options allowed on a PIP I/O specification line

are detailed in the following table. Either /A, /B, or /I is gen-

erally indicated for each transfer; if none of these are specified,

the system proceeds as though /A had been typed.

Table 1-24 PIP Options

Option Meaning

/A Transfer files in ASCII mode. The file is modified as it is

copied: embedded blank tape and rubouts are deleted and

leader/ trailer code is reducd to a standard length. PIP may

also do some editing of the input file under control of the

/C and /T options (see below).

/B Transfer files in Binary mode (used for absolute and re-

locatable binary files). Leader/ trailer code is reduced to a

standard length, but the checksum is not recalculated.

NOTE
If several absolute binary files are combined

into one, the /S option must be indicated to

the Absolute Loader in order for the files to

load properly. (The Linking Loader will not

load combined files.)

/C Eliminate trailing blanks. Valid in ASCII mode only.

/D Delete the old copy of the output file before doing any

data transfer. If /D is not used, the old copy is not deleted

until all input has been processed. For example:

*DTA1 :0FILE<DTA2:NFILE/D

will first delete file OFILE on DTAI, and then transfer the

data from NFILE to a new OFILE. /D is useful when in-

sufficient room exists on the output device for both the old

file and the new file.
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Table 1-24 PIP Options (Cont.)

Option Meaning

/D may be used to delete up to three files at a time by
specifying the files to be deleted as output files and not

specifying any input files. For example:

*0LDABC*DTA3:FILES/D<

This command string deletes OLDABC from DSK, and

FILES from DTA3.

/E List directories in extended form (the lengths of the empty
files are also listed).

/F List directories in short form (file names only).

/G Ignore any errors which occur during a file transfer and

continue copying.

/I Transfer files in image mode. Used to transfer core image

(SAVE format) files, and any other files which do not fall

into either ASCII or Binary categories.

This option always opens the output file even if no input

files were specified. Thus, the /I combined with the —

n

option allows the user to substitute a named file for an
empty one. For example, a 23-block file named IMPORT.
PA was accidentally deleted. It can be recovered with the

following command:

Note that: 23 10 = 21,.

/L List the directories of the input devices onto the output
file starting at the file specified. Notice that in this case the
input file itself is not transferred, only the directory. The
directory listing is in extended form, but empty files are

excluded. If no output file is specified, TTY: is assumed if

it exists.

=n Save n extra words per file entry in the directory to con-
tain descriptive information about the file (only the 2 low
order octal digits on nnnn are significant). For use with
the /Z and /S options only. Typing =1 allows the date of
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Table 1-24 * iP Options (Cont.)

Option Meaning

the file creation to be automatically stored in the directory.

(= 1 is assumed after /Z or /S options unless otherwise

specified. Specifying =0 will still reserve one extra word

per entry.) Specifying =100 will reserve no extra words

per entry.
,

If an = option is included with an image mode (/I) trans-

fer, the low order 12-bits of the = option specify the de-

sired length with which to close the output file. The out-

put file is given this length except in the following two

cases:

1. If the data written is greater than the specified length,

the output file is given its correct size.

2. If the length specified is greater than the empty space

available, the data is transferred but the file is not

closed. The error message:

MONITOR ERROR 6 AT xxxx

(DIRECTORY OVERFLOW)

is printed and control returns to the Keyboard Monitor.

Data in the file following the EMPTY is not destroyed.

/O Okay to compress files or to zero the directory. When used

with the /S or /Z option, /O prevents the messages ARE
YOU SURE? and ZERO SYS? from printing. The system

assumes that the user really wants the /S or /Z option.

/S Move all files from the input device to the output device,

eliminating any embedded empty files. All device names

should be explicitly stated, as no default devices are as-

sumed. The directory of the output device will contain only

those files that appeared on the input device. Whenever a

/S is initiated, PIP asks:

ARE YOU SURE?

The user responds with a "Y" if he wishes the compression;

typing any other character aborts the command.
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Table 1-24 PIP Options (Cont.)

Option Meaning

NOTE
When the /S option is used, the output de-

vice directory is read to determine whether

it is a system directory. If a system exists on

the output device, that system will be pre-

served on the /S transfer. To eliminate the

system directory, a /Z must be performed

before the /S.

In addition to compressing directories, /S provides a means
of copying one device to another. DECtapes, for example,

can be copied by compressing one DECtape onto another

tape.

/T Perform the following conversions of special characters:

Character Is Converted To:

TAB enough spaces to reach the next

TAB stop (every eighth position) ..,/

Vertical

TAB 5 LINE FEEDs

FORM FEED 9 LINE FEEDs

/T option is valid in ASCII mode only.

/V Print the current version number of PIP. This option

should be included in the first command line entered after

PIP is called. The version number is printed on the con-

sole terminal.

/Y Copy the OS/ 8 System Area (records 0, 7-67) between
the output and first input file. Both devices must be file

structured devices. If no file name is specified after a device

name, the System Area of that device is assumed. If the

/Z option is used with /Y, a zeroed system directory is

placed on the output device before the system transfer

takes place. A system directory indicates that file storage

starts at record 70 rather than record 7.

/Z Zero directory of output device before file transfer. Before

using a DECtape for the first time, the /Z option should

always be used to create an empty file directory. No input

files are specified. For example:
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Table 1-24 PIP Options (Cont.)

Option Meaning

*DTA2:/Z<=1

One extra word per entry is used if no "=" is specified.

Thus, the DATE word is always left available in a new
directory.

If an attempt is made to zero the directory of the system
device, the message:

ZERO SYS?

is printed. A response of 'Y' will zero the directory; any
other response will abort the command and return control
to the Command Decoder.

No data transfer occurs if no input files are specified. Thus, as

mentioned previously, /Z can be used to zero a directory, and /D
can be used to delete a permanent file without creating a file. For
the three directory listing options (/E, /¥, /L), if no output de-

vice is specified, the device TTY: is assumed. If no input device is

specified, device DSK: is assumed.

EXAMPLES OF PIP SPECIFICATION COMMANDS
The following are legal command strings to PIP. When PIP

has completed an operation, control returns to the Command De-
coder for additional input.

Example 1 (ASCII Transfer )

:

• R PIP
*SYS:BLACK<PTR:

This command string transfers a tape from the paper' tape reader
to a file on the system device under the name BLACK. PIP as-

sumes that the input tape is in ASCII format. (Control returns

to the Command Decoder, therefore, the .R PIP command need
only be given once.)
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Example 2 (ASCII File Merge):

*DTA3:MERGE<DTA1': FILE l, FILES

This command string instructs PIP to merge the ASCII files FILE1
and FILE2 on DTA1 into one ASCII file, MERGE, on DTA3.
Example 3 (Binary Transfer)

:

*BIN.BN<PTR:/B

The above command reads a binary paper tape from the paper
tape reader and creates a binary file BIN.BN on the device DSK.
Example 4 (Image Transfer)

:

*SYS:GAG.SV<PAL8.SV/I

PIP transfers the core image file PAL8.SV from the device DSK
to GAG.SV on the system device.

NOTE
A problem occurs when files longer than
255 blocks are transferred in Image Mode
from a directory device. If this is attemped,
the transfer will not end with the real end-
of-file, but will continue until the output
limit is reached; an error message will occur.

For example, trying to transfer FORT.PA
or SABR.PA from the directory device us-
ing Image Mode will cause this error.

ASCII mode must be used for all PIP trans-
fers of this type, or the FOTP program may
be used.

Example 5 (Directory Listing)

:

*TTY:</E

This command string produces an extended listing of the device
DSK on the Teletype. An extended listing contains all files with
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their associated lengths, and all empty spaces in the directory. For

example, an extended listing might appear as follows. (The cur-

rent date is printed before the file listing provided the DATE com-

mand has been given; see the section concerning the Keyboard

Monitor for a description of the DATE command.):

2/17/72
EDIT • SV 12 1/10/72
TEST2 4 1/10/72
ABCD .DA 1 2/17/72
<EMPTY> 7

TEST2 . RL 4 1/10/72
<EMPTY> 702
709 FREE BLOCKS

The file lengths and number of free blocks are designated as

decimal values. The date of file creation is printed if at least one

additional information word is present in the directory (refer to

the section Additional Information Words in File Directories).

Example 6 (Directory Listing)

:

*/F

This command produces a directory listing of file names only. Thus,

the preceding directory would appear on the teleprinter as follows:

2/17/72
EDIT . SV
TEST2
ABCD • DA
TEST2 .RL
709 FREE BLOCKS

Example 7 (Directory Listing)

:

_*LPT:<DTA2:FETCH/L

A command such as the above produces a listing of the DTA2

directory on the line printer; however, the files that occur before

FETCH are not listed. The /L option gives the regular listing

which includes the file name and extension length, and date (if a

date is contained in the directory). Empty files are not indicated

in the listing.
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Example 8 (System Area Transfer)

:

*DTA1:HEAD</Y

Records and 7-67 are transferred from SYS: to a file named

HEADonDTAl.
Example 9 (System Area Transfer)

:

*SYS:<DTA1:HEAD/Y

The contents of the file HEAD on DTA1 are transferred to the

System Area (records and 7-67) of the system device. The input

file is checked for validity before the transfer occurs.

Example 10 (System Transfer with Directory Zero)

:

*DTAi:<DTA0: (YZ)

This first creates a zero system directory on DTA1, and then

transfers the system area from DTAO to to the System Area on

DTA1. A system directory indicates that file storage begins at

record 70 rather than record 7.

Example 11 (System Area Transfer): -

*DTA1:TRAM<DTA2:TRAN/Y

This command string instructs PIP to transfer TRAN from DTA2
to DTA1. Since the /Y option is used, TRAN must be a copy

of the OS/ 8 System Area. However, since transfers of this type

involve files on both the I/O devices, and not the System Area, the

transfer is treated as an image transfer and either the /Y or /I

options can be used.

Additional Information Words in File Directories

If a device has any additional information words specified in its

directory, OS/8 automatically enters the last date specified in a

DATE command into the first of the additional information words

when a file is created on that device. Dates put into these additional

words appear in directory listings. Words after the first are not

currently used by the OS/ 8 system.

Whenever a /Z or /S is given, additional words can be specified

by a /Z—n or /S=n construction. The number of additional

words can be changed by compressing a device onto itself. The
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first additional information word is used by the system for the

file's creation date.

NOTE
The system is initially created with one

additional word in the file directory.

PIP Error Messages

The following messages are printed by PIP in response to user

errors or improper command strings:

Table 1-25 PIP Error Messages

Message Meaning

ARE YOU SURE?

BAD DIRECTORY ON
DEVICE # n

BAD SYSTEM HEAD

CAN'T OPEN OUTPUT
FILE

DEVICE # n NOT A
DIRECTORY DEVICE

Occurs when using the /S option. A re-

sponse of 'Y' will compress the files.

Error message occurs when:

1

.

PIP is trying to read the directory,

but it is not a OS/ 8 directory.

2. The output device does not have

a system directory, i.e., file storage

begins at record 7 (occurs during

a /Y transfer).

n is the number of the file in the input

file list.

If the /Y option is used and the area

being transferred does not contain OS/ 8,

this error message results.

Message has occurred due to one of the

following:

1

.

Output file is on a read-only device.

2. No name has been specified for

the^qutput file.

3. A / I
s
transfer has been attempted

to a non-directory device.

4. Output file has zero free blocks.

Message occurs when

:

1. Trying to list the directory of a

non-directory device.

2. The input designated in a /Y
transfer is not on a directory de-

vice.

n gives the number of the device in the

input list.
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Table 1-25 PIP Error Messages (Cont)

Message Meaning

DIRECTORY ERROR

ERROR DELETING
FILE

ILLEGAL BINARY
INPUT, FILE # n

INPUT ERROR,
FILE#n

10 ERROR IN (file name)
—CONTINUING

LINE TOO LONG IN
FILE # n

NO ROOM FOR
OUTPUT FILE

NO ROOM IN (file name)
—CONTINUING

OUTPUT ERROR

PREMATURE END OF
FILE, FILE # n

SORRY—NO
INTERRUPTIONS

An error has occurred while reading or

writing the directory during a /S op-

tion. The option is aborted; output is

likely to be garbled.

An attempt was made to delete a file

that does not exist. Check that the de-

vice name was explicitly given for all

files.

Self explanatory; n is the number of the

file in the input file list.

An input error occurred while reading

file number n in the input file list.

An error has occurred during a /S
transfer. The name of the file being

transferred is. indicated.

In ASCII mode a line has been found

greater than 140 characters. Make cer-

tain the file is an ASCII file, n is the

number of this file in the input list.

Self-explanatory; either room on device

or room in directory is lacking.

Occurs during use of the /S option. The
output device cannot contain all of the

files on the input device. The message is

printed for each file which will not fit

into the output device. The file name is

indicated.

Output error—possibly a WRITE
LOCKed device, parity error, or at-

tempt to output to a read-only device.

Message occurs in Binary Mode (/B)

only. A physical end-of-file has been

found before the final leader/ trailer.

Error message occurs if:

1. fC (CTRL/C) is typed while com-
pressing a file onto itself; the

transfer continues.
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Table 1-25 PIP Error Messages (Cont.)

Message Meaning

2. A /Y transfer is done with system

device as the output device, or if

the transfer has both input and

output on the same device.

ZERO SYS? If any attempt is made to zero the sys-

tem device directory, this message oc-

curs. Responding with 'Y' causes the

directory to be zeroed. Any other char-

acter aborts the operation.

ABSOLUTE BINARY LOADER
The Absolute Binary Loader is used to load the binary output

created by the PAL8 assembler. Input files are loaded according

to the options discussed in this section, and a core control block

is constructed (see the section concerning the GET command).

The standard input devices are the paper tape reader, DECtape,

LINCtape, the default storage device (DSK:), and SYS:, which

represents tiV system device. Any other device which can contain

absolute binary files can be used as an input device if a device

handler exists. The terminal (TTY:) should not be used, as the

binary code may appear as control characters to the TTY handler.

Calling and Using ABSLDR
ABSLDR normally accepts absolute binary files (relocatable

files must be loaded with the Linking Loader); however, save

(.SV) format files can be loaded with ABSLDR providing the

/I option is used. If no extension to the input file name is typed,

ABSLDR assumes the .BN extension. Up to nine input files are

allowed, but if more than one program is present in a file, only the

first program is loaded unless the /S option is used. (This feature

allows ABSLDR to ignore any 'noise characters' which might be

caused by reading over the end of a paper tape.)

The user calls the Absolute Binary Loader from the system

device by typing:

R ABSLDR
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in response to the dot printed by the Keyboard Monitor. The sys-

tem responds by printing an asterisk at the left margin. The user

then types an input line to ABSLDR, indicating input files and any

options desired. ABSLDR does not recognize any output files,

since the purpose of the loader is to load and optionally start

binary output files. The format of the input line is:

*DEV: INPUT.EX/ ( Options)

By typing the RETURN key at the end of an input specification

line, the loader is signalled that more input is to be given on the

next line. If the ALT MODE key is used as a line terminator, no

more input is expected, the Command Decoder is not recalled,

and control returns to the Keyboard Monitor. For example:

.R ABSLDR -
.

DTAi :filei»file2,file3.,file4 (Carriage RETURN)
*PTR:£

(ALT MODE)
The preceding lines cause FILE1, FILE2, FILE3, and FILE4

to be loaded at their absolute locations in core frorn DECtape 1.

A file is then to be read from the paper tape reader. The $ char-

acter is printed by the ALT MODE key which indicates a return

to the Keyboard Monitor.

NOTE
If the /G option (load and begin execu-

tion) is specified, control always passes to

the program just loaded, regardless of which

line terminator was typed.

When ABSLDR has completed loading and control has returned

to the Keyboard Monitor, the program loaded may not be physi-

cally in core at that moment. ABSLDR utilizes system scratch

blocks to store those locations which would overlay various parts

of the Monitor. To examine core locations after using ABSLDR,
use ODT (see the section concerning ODT for instructions detail-

ing its use).
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ABSLDR OPTIONS
The various options accepted by ABSLDR are described in

Table 1-26.

Table 1-26 ABSLDR Options

Option Meaning

/8 Used when locations 0-1777 of field are not being used
by the program. Eliminates extra DECtape motions to save
these locations, hence saves time. See the OS/ 8 Software
Support Manual for details of Job Status Word.

/9 Similar to the /8 option; used when locations 0-1777 of
field 1 are not to be saved.

/I Treat the input file(s) as a core-image-file to be overlaid
with the input of succeeding lines. (If this option is not
used in the first command line, it cannot be used unless

ABSLDR is recalled from the Keyboard Monitor level.)

The /I option can be used to make patches to an already
saved program without reassembling the entire program.

/R Reset internal core map of ABSLDR to appear as though
nothing has been loaded into core.

/S Load all binary programs in the specified input file(s)

(instead of loading only the first program in each file,

which is normally done). /S and /I operate on a line-at-a-

time basis. Each successive command line must have the

option respecified if it is required. For example:

*PTR:,,/S
*DTA1 :A,B:>C

These command strings instruct ABSLDR to take three files

from PTR (loading all binary programs in each file) and
three files from DTA1 (loading only the first binary pro-
gram in each file). /S is not implemented on the second
line.

/P Sets bit 3 of the Job Status Word (location 07746) and
prevents the Keyboard Monitor from reading a fresh ver-

sion of the BATCH monitor into core every time the mon-
itor level is reentered from the program level. This option
can be used with system programs that never use more
than 8K of core (PIP, FORTRAN II, SABR). The /P
option should not be used with any program that occupies
or modifies core above field 1. (See the BATCH section
for further information.)
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Table 1-26 ABSLDR Options (Cont.)

Option Meaning

/G Start program execution upon finishing the loading pro-

cedure. Normally, control returns either to the Monitor or

Command Decoder (depending on the terminator key). If

/G is specified, control is given to the program just loaded.

The starting address is assumed to be 200 unless specified

in the input string. Control stays with the user's program

until it is released to the Monitor from within the program.

No automatic return to Monitor or the Command Decoder

occurs.

/n Force loading of all files specified on this input line into

field n (where n is an octal integer).

=n Set the starting address of the program in core to n, where

n is a 5 digit octal integer. ABSLDR inserts a starting ad-

dress of 0200 in field if no other address is indicated.

Specifying as a starting address is equivalent to not spec-

ifying a starting address, thus ABSLDR would insert a

starting address of 0200.

EXAMPLES OF INPUT LINES
Example 1

:

.R ABSLDR
* SYS: PROG. SV/

I

*DTA1:PATCH$
.SAVE SYS: PROG

The above commands load the core-image file PROG.SV and then

overlay part of that program file with a binary patch from DTA1.
Control then returns to Monitor, at which time the user saves the

patched program on the system device.

When using the /I option, the starting address and Job Status

Word of the core image being loaded are ignored by the Loader.

The user must specify the starting address and contents of the Job

Status Word (unless the starting address is 200 in field 0, in which

case it need not be specified)

.

Example 2:

; R ABSLDR
*PIP.SV/I
*PTR:=13003C89)$
..SAVE SYS PIP
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In this example, the user overlays.PIP with a binary patch which

will not change its starting parameters. This could also be accom-

plished using an explicit SAVE:

: R ABSLDR
PIP.SV/I
*PTR:$
TSAVE SYS PIP; 13000=6023

Example 3

:

• R ABSLDR
*PTR: C89G)S

One binary tape is loaded from the paper tape reader. Areas

00000-01777 and 10000-11777 of core are not used by the pro-

gram. The starting address of the program is considered to be

00200; control is transferred to the user program.

Notes On Using ABSLDR Correctly

ABSLDR is a complex program which, when used incorrectly,

can give unrecoverable errors. Points to remember when using

ABSLDR are:

1. If an erroneous starting address is specified, control will be

passed to that address, however random it may be. Thus,

specifying a starting address in non-existent memory, for

example, will very likely produce erroneous results, and

should not be attempted.

2. Trying to load a program into non-existent memory should

not be attempted.

3. Programs which load into 07600 or 17600 are ignored by

ABSLDR. No error is generated, but these locations are

never loaded. (It is a good idea not to use 7600 in any

field.)

4. Old versions of ABSLDR should not be used with a new

monitor.

5. New versions of ABSLDR should not be used with old mon-

itors.
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ABSLDR Error Messages

Table 1-27 lists the error messages output by ABSLDR. In each

case, control returns to the Command Decoder; the entire pro-

cedure may be attemped again by resetting the loader (with the

/R option) and using different inputs.

Table 1-27 ABSLDR Error Messages

Message Meaning

BAD CHECKSUM,
FILE#n

BAD INPUT, FILE #n

10 ERROR FILE # n

NO INPUT

NO/I!

File number n of the input file list has

a checksum error.

Attempt was made to load a non-binary

file as file number n of the input file

list, or a non-core image with /I option.

An I/O error has occurred in input file

number n.

No input file was found on the desig-

nated device.

Use of 71 is prohibited at this point.

OCTAL DEBUGGING TECHNIQUE (ODT)

ODT allows the programmer to run his program on the com-

puter, control its execution, and make alterations to the program by

typing instructions at the keyboard.

Features

ODT features include location examination and modification;

and instruction breakpoints to return control to ODT (break-

points). ODT makes no use of the program interrupt facility and is

invisible to the user program.

The breakpoint is one of ODT's most useful features. When de-

bugging a program, it is often desirable to allow the program to

run normally up to a predetermined point, at which the program-

mer may examine and possibly modify the contents of the accumu-

lator (AC), the link (L), or various instructions or storage loca-

tions within his program, depending on the results he finds. To
accomplish this, ODT acts as a monitor to the user program.
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The user decides how far he wishes the program to run and ODT
inserts an instruction in the user's program which, when encoun-

tered, causes control to transfer back to ODT. ODT immediately

preserves in designated storage locations the contents of the AC
and L at the breakpoint. It then prints out the location at which
the breakpoint occurred, as well as the contents of the AC at that

point. ODT will then allow examination and modification of any
location of the user's program (or those locations containing the

AC and L). The user may also move the breakpoint, and request

that ODT continue running his program. This will cause ODT to

restore the AC and L, execute the trapped instruction and continue

in the user's program until the breakpoint is again encountered

or the program is terminated normally.

Calling and Using ODT
As explained in the section concerning the Keyboard Monitor,

ODT is called into use by typing:

ODT

in response to the dot printed by the Keyboard Monitor. Before

ODT is called, the user should have a running version of his pro-

gram in memory. None of the user's memory is disturbed by the

running of ODT, because the sections of the program which ODT
may occupy when in memory are preserved on the system device

and swapped back into memory as necessary. ODT uses the Job

Status Word of the particular program to determine whether or

not swapping occurs. If the program does not use locations 0-1777

in field 0, less swapping occurs during use of the breakpoint

feature.

If the user is typing any amount of a program directly into

memory (in octal), the memory control block of the program may
not reflect the true extent of the program. If octal additions are

made below location 2000 in field 0, ODT may give erroneous

results. The user can correct this condition by correcting the Job

Status Word, which is location 7746 of field 0, and which can be

examined and changed using ODT. Location 7745 of field is the

12-bit starting address of the program in memory and location

7744 contains the field designation in the form 62n3, where n is

the field designation of the starting address.

When using the breakpoint feature of ODT, the user should

keep certain operating characteristics in mind:
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1. If a breakpoint is inserted at a location which contains
an auto-indexed instruction, the auto-indexed register is

bumped immediately after the breakpoint is hit. Thus, when
control returns to the user in ODT, the register will have
been increased by one. The breakpoint instruction is ex-
ecuted properly, but the index register, if examined, may ap-
pear one greater than it should.

2. ODT keeps track of the TTY flag and restores the TTY
flag when it continues from a breakpoint.

3. The breakpoint feature uses locations 4, 5, and 6 in the
memory field in which the breakpoint is set.

4. The breakpoint feature of ODT uses the table of user-de-
fined device names as scratch storage, destroying any device
names the user may have created. After a session with ODT
in which breakpoints are used, the user should give a DE-
ASSIGN command to clear out the user-device name table.

5. Breakpoints must not be set in the Monitor, in the device
handlers, or between a CIF and the following JMP instruc-
tion.

The user is advised not to use user-defined device names in pro-
grams being developed with ODT breakpoints.

If any operations are attempted in non-existent memory, ODT
ignores the command and types "?". Thus, assuming the machine
in use has 8K (fields and 1) and the user attempts to examine
locations in field 2 and above, ODT responds with ?.

ODT should not be used to debug programs which use inter-
rupts. Typing CRTL/C returns control to the Keyboard Monitor;
the program can be saved on any device.

Commands
SPECIAL CHARACTERS
Slash(/)—Open Preceding Location

The location examination character (/) causes the location ad-,
dressed by the octal number preceding the slash to be opened and
its contents printed in octal. The open location can then be modified
by typing the desired octal number and closing the location Any
octal number from 1 to 4 digits in length is legal input. If more
than 4 digits are entered, only the last 4 entered are accepted by
ODT. Typing / with no preceding argument causes the latest
named location to be opened.
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For example

:

400/1540
400/1540 246d? -

400/1540 12345
Z2345

Return—Close Location

If the user has typed a valid octal number after the content of a

location is printed by ODT, typing the RETURN key causes the

binary value of that number to replace the original contents of the

opened location and the location to be closed. If nothing has been

typed by the user, the location is closed but the content of the lo-

cation is not changed. For example

:

400/6046 location 400 is unchanged.

400/6046 2345 location 400 is changed to contain 2345.

/2345 6046 replace 6046 in location 400.

Typing another command will also close an opened register. For

example

:

400/6046 401/6031 2346 location 400 is closed and unchanged

400/6046 401/2346 and 401 is opened andchanged to 2346.

Line Feed—Close Location, Open Next Location

The LINE FEED key has the same effect as the RETURN key,

but, in addition, the next sequential location is opened and its con-

tents printed. For example:

400/1540 location 400 is closed unchanged and 401 is

00401 /2345 1234 opened User types change, 401 is closed con-
00402/7 650

taining 1234 and 402 is opened.

t
(Shift/N)—Close Location, Take Contents as Memory Reference

and Open Same
The up arrow will close an open location just as will the RE-

TURN key. Further, it will interpret the contents of the location as

a memory reference instruction, open the location referenced and

print its contents. For example

:
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404/3270 t 3270 symbolically is "DCA, this page,

00470 /4512 0000 relative location 70," so ODT opens loca-

tion 470.

^(Shift/0) Close Location, Open Indirectly

The back arrow will close the currently open location and then

interpret its contents as the address of the location whose contents

it is to print and open for modification. For example:

365/3203 t
.

00203 V3572 -

03572 /0216

ILLEGAL CHARACTERS
Any character that is neither a valid control character nor an

octal digit causes the current line to be ignored and a question

mark printed. For example:

a: t

4U? ) ODT opens no location.

406/1136 67K?
/! 136

ODT ignores modification and closes

location 406.

CONTROL COMMANDS
nnnnG—Transfer Control to User at Location nnnn

Clear the AC then go to the location specified before the G. All

indicators and registers will be intialized and the breakpoint, if

any, will be inserted. Typing G alone will cause a jump to loca-

tion 0.

nnnnB—Set Breakpoint at User Location nnnn
Instructs ODT to establish a breakpoint at the location spec-

ified before the B. If B is typed alone, ODT removes any previ-

ously established breakpoint and restores the original contents of

the break location. A breakpoint may be changed to another loca-

tion whenever ODT is in control, by simply typing nnnnB where
nnnn is the new location. Only one breakpoint may be in effect at

one time; therefore, requesting a new breakpoint removes any pre-

viously existing one.

A restriction in this regard is that a breakpoint may not be set

on any of the floating-point instructions which appear as argu-

ments of a JMS.
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The breakpoint (B) command does not make the actual ex-

change of ODT instruction for user instruction, it only sets up the

mechanism for doing so. The actual exchange does not occur until

a "go to" or a "proceed from breakpoint" command is executed.

When, during execution, the user's program encounters the loca-

tion containing the breakpoint, control passes immediately to ODT
(via location 0004). The C(AC) and C(L) at the point of the

interruption are saved in special locations accessible to ODT. The

user instruction that the breakpoint was replacing is restored, be-

fore the address of the trap and the content of the AC are printed.

The restored instruction has not been executed at this time. It will

not be executed until the "proceed from breakpoint" command is

given. Any user location, including those containing the stored AC
and Link, can now be modified in the usual manner. The break-

point can also be moved or removed at this time.

An example of breakpoint usage follows the section "Continue

and Iterate Loop ..."

A—Open C(AC)
When the breakpoint is encountered the C(AC) and C(L) are

saved for later restoration. Typing A after having encountered a

breakpoint, opens for modification the location in which the AC
was saved and prints its contents. This location may now be modi-

fied in the normal manner (see Slash) and the modification will be

restored to the AC when the "proceed from breakpoint" command

is given.

Open C(L)

Typing L opens the Link storage location for modification and

prints its contents. The Link location may now be modified as usual

(see Slash) and that modification will be restored to the Link when

the "proceed from the breakpoint" command is given.

C—Proceed (Continue) Front a Breakpoint

Typing C, after having encountered a breakpoint, causes ODT
to insert the latest specified breakpoint (if any), restore the con-

tents of the AC and Link, execute the instruction trapped by the

previous breakpoint, and transfer control back to the user program

at the appropriate location. The user program then runs until the

breakpoint is again encountered.
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NOTE
If a breakpoint set by ODT is not encoun-

tered while ODT is running, the object

(user's) program, the instruction which

causes the break to occur will not be re-

moved from the user's program.

nnnnC—Continue and Iterate Loop nnnn Times Before Break

The programmer may wish to establish the breakpoint at some

location within a loop of his program. Since loops often run to

many iterations, some means must be available to prevent a break

from occurring each time the break location is encountered. This

is the function of nnnnC (where nnnn is an octal number). After

having encountered the breakpoint for the first time, this command

specifies how many additional times the loop is to.be iterated be-

fore another break is to occur. The break operations have been

v described previously in the section on the B command.

Given the following program, which increases the value of the

AC by increments of 1, the use of the Breakpoint command may

be illustrated.

200

0200 + 200
00200 7 300 GLA CLL

00201 1206 A, TAD ONE

00202 2207 B* . ISZ CNT

00203 5202 JMP B

00204 5201 JMP A

00205 7 402 HLT

00206 0001 ONE, 1

00207 0000 CNT,
$

*200

A 0201
B 0202
GMT 0207
ONE 0206
0201B
200G
00201 ( 01 0000
C

00201 c 0; 0001
C

00201 (0; 0002
AC
00201 ( 0; 0006
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ODT has been loaded and started. A breakpoint is inserted at

location 0201 and execution stops here showing the AC initially

set to 0000. The use of the Proceed command (C) executes the

program until the breakpoint is again encountered (after one com-
plete loop) and shows the AC to contain a value of 0001. Again
execution continues, incrementing the AC to 0002. At this point,

the command 4C is used, allowing execution of the loop to con-

tinue 4 more times (following the initial encounter) before stop-

ping at the breakpoint. The contents of the AC have now been
incremented to 0007.

M

—

Open Search Mask
Typing M causes ODT to open for modification the location

containing the current "value of the search mask and print its con-

tents. Initially the mask is set to 7777. It may be changed by open-

ing the mask location and typing the desired value after the value

printed by ODT, then closing the location.

M Line Feed—Open lower search limit

The word immediately following the mask storage location con-

tains the location at which the search is to begin. Typing the LINE
FEED key to close the mask location causes the lower search limit

to be opened for modification and its contents printed. Initially the

lower search limit is set to 0001. It may be changed by typing the

desired lower limit after that printed by ODT, then closing the

location.

M Line Feed—Open upper search limit

The next sequential word contains the location with which the

search is to terminate. Typing the LINE FEED key to close the

lower search limit causes the upper search limit to be opened for

modification and its contents printed. Initially, the upper search

limit is the beginning of ODT itself, 7000 (1000 for low version).

It may also be changed by typing the desired upper search limit

after the one printed by ODT, then closing the location with the

RETURN key.

nnnnW—Word Search

The command nnnnW (where nnnn is an octal number) will

cause ODT to conduct a search of a defined section of memory,

using the mask and the lower and upper limits which the user has
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specified, as indicated above. The word searching operations, are

used to determine if a given quantity is present in any of the loca-

tions of a particular section of memory.

The search is conducted as follows: ODT masks the expression

nnnn which the user types preceding the W and saves the result as

the quantity for which it is searching. (All masking is done by per-

forming a Boolean AND between the contents of the mask word,

C(M), and the word containing the instruction to be masked.)

ODT then masks each location within the user's specified limits

and compares the result to the quantity for which it is searching.

If the two quantities are identical, the address and the actual un-

masked contents of the matching location are printed and the

search continues until the upper limit is reached.

A search never alters the contents of any location. For example

:

search locations 3000 to 4000, for all ISZ instructions, regardless

of what location they refer to (i.e. search for all locations begin-

ning with an octal 2)

.

M/7777 7 000 Change the mask to 7000, open lower

7453/5273 3000 search limit.

Change the lower limit to 3000, open

upper limit.

Cnange the upper limit to 4000, close

location.

Initiate the search for ISZ instructions

These are 4 ISZ instructions in this

section of core.

Additional Techniques

CURRENT LOCATION
The address of the current location or last location examined is

remembered by ODT and remains the same, even after the com-

mands G, C, and B are typed. This location may be opened for in-

spection merely by typing the slash (/) character.

INDIRECT REFERENCES
When an indirect memory reference instruction or an address

constant is encountered, the actual address may be opened by

typing t and «- (SHIFT/N and SHIFT/O, respectively).
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Errors

The only legal inputs are control characters and octal digits. Any
other character will cause the character or line to be ignored and

a question mark to be printed by ODT. Typing G alone is an

error. It must be preceded by an address to which control will be

transferred. This will elicit no question mark also if not preceded

by an address, but will cause control to be transferred to location 0.

Programming Notes Summary
ODT will not turn on the program interrupt, since it does not

know if the user's program is using the interrupt. It does, however,

turn off the interrupt when a breakpoint is encountered, to prevent

spurious interrupts.

Breakpoints are fully invisible to "open location" commands;

however, breakpoints may not be placed in locations which the

user program will modify in the course of execution or the break-

point will be destroyed. Caution should be used in placing a break-

point between a call to USR function code 10 and the following

call to USR function code 1 1

.

If a trap set by ODT is not encountered by the user's program,

the breakpoint instruction will not be removed.

ODT can be used to debug programs using floating-point in-

structions, since the intercom location is 0004, and since break-

points may be set on a JMS with arguments following.

Summary of ODT Commands
The following table presents a brief summary of the ODT com-

mands. All addresses can be input as 5 digits, and are printed as

5 digits.

Table 1-28 ODT Command Summary

Command Meaning

nnnnn/ Open location designated by the octal number
nnnnn, where the first digit represents the mem-
ory field. ODT prints the contents of the loca-

tion, a space, and waits for the user to enter a

new value for that location or close the location.

Reopen latest opened location.
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Table 1-28 ODT Command Summary (Cont.)

Command Meaning

nnnn;

RETURN key

LINE FEED key

n+

n—

t or A

(up-arrow or

circumflex)

<-or

(back-arrow

or underline)

nnnnnG

nnnnnB

Deposit nnnn in the currently opened location,

close that location and open the next sequential

location for modification. A series of octal

values can be deposited in sequential locations

through use of the ; character. Multiple ;'s skip

a memory location for each ; typed and pre-

pare to insert subsequent values beyond the

one(s) skipped.

Close the previously opened location.

Close location; open the next sequential loca-

tion for modification, and print the contents of

that location.

Open the current location plus n for modifica-

tion and print the contents of that location.

Open the current location minus n for modi-

fication and print its contents.

Close location, take contents of that location

as a memory reference and open the location

referenced, printing its -contents.

NOTE
No distinction is made between instruction

op-codes when using f. Thus, all op-codes

(0-7) are treated as memory reference

instructions. Also, great care should be

exercised when using f with indirectly ref-

erenced auto-index registers. If t is used

in this case, the contents of the auto-index

* register is incremented by one. The user

must cheek to see that the register contains

the proper value before proceeding.

Close location, take contents of that location

as a 12-bit address and open that address for

modification, printing its contents.

Transfer control of program to location nnnnn,
where the first digit represents the memory field.

Establish a breakpoint at location nnnnn, where
the first digit represents the memory field. Only
one breakpoint is allowed at any given time.
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Table 1-28 ODT Command Summary (Cont.)

Command Meaning

B

A

C

nnnnC

M

LINE FEED

LINE FEED

nnnnW

D

CTRL/O

F

RUBOUT key

Remove the breakpoint.

Open for modification the location in which

the contents of the accumulator were stored

when the breakpoint was encountered.

Open for modification the location in which

the contents of the link were stored when the

breakpoint was encountered.

Proceed from a breakpoint.

Continue from a breakpoint and iterate past the

breakpoint nnnn times before interrupting the

user's program at the breakpoint location.

Open the search mask, initially set to 7777,

which can be changed by typing a new value.

Open the lower search limit. Type in the loca-

tion (4 octal digits) where the search will begin.

Open the upper search limit. Type in the loca-

tion (4 octal digits) where the search will

terminate.

Search the portion of core as defined by the

upper and lower limits for the octal value nnnn.

Search can only be done on a single memory

field at a time. See the F command.

Open for modification the word containing the

data field which was in effect at the last break-

point. Contents of D always appear as mul-

tiples of 108—i.e., 10 means field 1, 20 field

2, etc.

Stop any printing currently in progress.

Open for modification the word containing the

field used by ODT in the W (search) com-

mand, in the *- and t (indirect addressing)

commands, or in the last breakpoint (depend-

ing upon which was used most recently. The

contents of F are always expressed as multiples

of 108 (as in the D command).

Cancels previous number typed, up to the last

non-numeric character typed.
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utility programs

BATCH

Introduction

OS/8 BATCH provides PDP-8 users with a batch processing

monitor that is integrated into the OS/ 8 monitor structure. The
system is organized in such a way that it may be used in either a

keyboard input configuration or as a batch stream processor.

BATCH may be run on any OS/ 8 system equipped with at least

12K of memory. A line printer, although optional, is highly de-

sirable. BATCH will support up to 32K of memory and any I/O
devices that are present in the system.

OS/ 8 BATCH processing is ideally suited to frequently run pro-

duction jobs, large and long-running programs, and programs that

require little or no interaction with the user. BATCH permits the

user to prepare his job on punched cards, high-speed paper tape or

the OS/ 8 system device and leave it for the computer operator to

start and run. Output is returned to the user in the form of line

printer and/or teleprinter listings that include program output as

well as a comprehensive summary of all action taken by the user

program, the monitor system and the computer operator.

BATCH provides optional* spooling of output files. This feature

serves to increase throughput on any system, but it is particularly

valuable when a line printer is not available. BATCH also performs

extensive command analysis and error diagnosis, as well a_s detailed

interaction with the user/operator to facilitate initializing the sys-

tem and establishing system parameters.

Almost any program that runs under interactive OS/ 8 may also

be run under BATCH. Since BATCH is called from the keyboard
in the same manner as any other system program, interactive users

may use BATCH to execute multiprogram utility routines, even
when continuous batch processing is not desired.

i
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With a few exceptions, BATCH uses the standard OS/ 8 com-

mand set. BATCH assumes that the reader is familiar with the

operation and use of OS/ 8.

BATCH Processing Under OS/

8

OS/8 BATCH maintains an input file and an output file. The

BATCH input file may be a punched card, high-speed paper tape,

disk or DECtape file consisting of a series of BATCH commands.

If the input file is a disk or DECtape file, it must reside on the

OS/ 8 system device or on a device whose handler is co-resident

with the OS/8 system device (e.g., RKBO on RK05 systems).

Each command in the BATCH input file occupies one file record.

If the file is a punched card file, each punched card constitutes one

record, which must contain one complete BATCH command. If

the file resides on paper tape, disk or DECtape, each record con-

sists of one logical line, or all the characters between two line

terminators, including the second terminator.

The BATCH output file is a line printer listing on which BATCH
prints job headers, certain messages that result from conditions

within the input file, an image of each record in the input file and

certain types of user output. If a line printer is not present in the

system, the output file is printed on the terminal.

BATCH accepts user input files (i.e., program and data files)

from any device in the OS/ 8 system, with the exception that high-

speed paper tape input files are not allowed when the BATCH
input file also resides on high-speed paper tape. User output files

may be directed to any output device in the system.

BATCH also permits optional spooling of output files. When

spooling is requested, every non-filerstructured output file is as-

signed a file name from a list of names maintained by BATCH
and directed to a file-structured spool device instead of the user

specified device. Spooling of output files increases BATCH through-

put when system resources are scarce and permits slow output

operations to be postponed until a more favorable time. For ex-

ample, a batch processing run that generates many output listings

may be initialized to re-route all listings from the terminal or line

printer to a specified DECtape unit. This DECtape may be dumped

onto the appropriate hard copy device after the run, when more

time is available. The spool device may be any file-structured de-

vice selected by the user.
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OS/ 8 BATCH is called from the keyboard by typing:

R BATCH

(terminated by a carriage return) in response to the dot generated
by the OS/8 monitor. BATCH then calls the OS/8 Command
Decoder to obtain its parameters, input device and file name (if

file-structured). If CCL is enabled, BATCH may also be invoked
via the SUBMIT command, in which case the BATCH parameters,
input device and file name (if file-structured) are specified on the
same line as the SUBMIT command.

The format for a BATCH command string is:

*SPDV:«-DEV: INPUT/option/option

where SPDV: is the device on which to spool non-file-structured

output. If SPDV: is not specified, no spooling is performed. Note
that spooling applies only to non-file-structured output devices
specified to the Command Decoder. The output of programs such
as FOTP, which use a special mode of the Command Decoder, is

not spooled by BATCH. DEV : INPUT is the input device and file

if the input is from SYS: or a device whose handler is co-resident
with SYS:. The default extension for BATCH input files is .BI.

The Run-Time Options are used to specify input from the paper
tape reader or the card reader. The Run-Time Options and their

meanings are listed in Table 2-1

.

Table 2-1 Run-Time Options

Option Meaning

/C The input file is to be read from the card reader (CR8/I or
CR8/E)

/E Treat OS/ 8 Keyboard Monitor and OS/ 8 Command Decoder
errors as non-fatal errors. If /E is not specified, OS/ 8 Key-
board Monitor and OS/ 8 Command Decoder errors cause the
current job to be aborted.

/P The input file is to be read from the paper tape reader.

/Q Do not output a BATCH log. $JOB and $MSG are the only
line output to the terminal.

IT Output the BATCH log to the terminal. This option need be
specified only if a line printer is available. If a line printer is

not available, the BATCH log is automatically output to the
terminal.
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Table 2-1 Run-Time Options (Cont.)

Option Meaning

/U BATCH will not pause for operator response to $MSG lines.

Any attempt to use TTY:, PTR:, or CDR: as input devices to

the Command Decoder in an unattended BATCH stream will

cause the current job to be aborted.

/V Print the version number of OS/ 8 BATCH on the terminal.

/6 Accept card input in DEC 026 format. This option is used

only when the /C option is specified. The default card input

format is DEC 029.

A BATCH command is a character or string of characters that

begins with the first character of a record in the BATCH input

file. If the input file is a disk, DECtape or paper tape file, each

BATCH command must be followed by a carriage return/line feed

combination. If the input file is a punched card file, each command

must begin in the first column of a punched card. Disk and paper

tape files may contain form feed characters. Form feed characters

are ignored by BATCH on input.

OS/ 8 BATCH recognizes four monitor level commands. These

commands allow routine housekeeping operations in a multi-job,

batch processing environment and provide communication between

the BATCH programmer and the computer operator. Table 2-2

lists the BATCH monitor commands, which may be considered as

an extension of the OS/8 Keyboard Monitor command set. Note

that the first character of the $JOB, $MSG and $END commands

is a dollar sign (shift/4). The BATCH monitor does not recognize

the ALT MODE character.

In the current version, any record that begins with a dollar sign

character but is not one of the BATCH monitor commands listed

above is copied onto the output file and ignored by BATCH.

A BATCH processing job consists of a $JOB command record

and all of the commands that follow it up to the next $JOB or

$END record. Normally, all the commands submitted by one user

are processed as a single job, and all output from these commands

appears under one job header.
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Table 2-2 BATCH Monitor Commands

Command Meaning

$JOB Initialize for a new job and print a job header on the

output file. The remainder of the $JOB record is included

in the job header but ignored by BATCH. It should be

used for job identification, to provide correlation between

Teletype output, line printer output and spool device

output.

$MSG Ring the terminal bell and print an image of the record

at the teleprinter. If the /U option was not specified, im-

plying that an operator is present, BATCH will pause

until any key is struck at the keyboard. If the /U option

was specified, processing continues uninterrupted.

$END Terminate batch processing and exit to the OS/8 Key-

board Monitor. A $END command record should be the:

last record of every BATCH input file.

Copy the record onto the output file, then ignore it.

BATCH assumes that every record beginning with a slash

is a comment.

\

After BATCH encounters a $JOB command, it scans the input

file until the next Keyboard Monitor command is read. Any records

that follow the $JOB command and precede the first Keyboard

Monitor command are written onto the output file and ignored by

BATCH.
The first character of every Keyboard Monitor command record

is a dot (.). The rest of the record contains an OS/8 Keyboard-

Monitor command, which should appear in standard OS/ 8 format;

however, commands that would be terminated with an ALT
MODE under interactive OS/ 8 should be terminated with a dollar

sign under BATCH. Every standard OS/8 Keyboard Monitor com-

mand is legal input to BATCH; however, the ODT command will

go to the terminal for input instead of the BATCH file. Typing

CTRL/C to ODT will terminate BATCH. Type: 7600G to ODT
to resume the BATCH run.

BATCH executes a Keyboard Monitor command by stripping

off the initial dot character and loading the remainder of the record

into the Keyboard Monitor buffer. BATCH then passes control to

the Keyboard Monitor, which executes the command as though it
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had been typed at the keyboard. Keyboard Monitor commands that

return control to the monitor level should be followed by a BATCH
monitor command or another Keyboard Monitor command. Key-
board Monitor commands that transfer control to the program level

should be followed by a Command Decoder file specification when-
ever the running program calls the Command Decoder. All OS/8
V3 CCL commands are legal under BATCH, including the SUB-
MIT command (which can be used to chain from one BATCH
stream to another)

.

When a running program calls the Command Decoder, the Com-
mand Decoder determines whether batch processing is in progress

and, if so, instructs BATCH to read the next record of the BATCH
input file. BATCH expects this record to contain a Command
Decoder file specification.

The first character of every Command Decoder file specification

record is an asterisk (*). The rest of the record contains an OS/8
Command Decoder file (and/or option) specification, which should

appear in standard OS/8 format. As with BATCH monitor com-

mands and Keyboard Monitor commands, any Command Decoder

specification that would be terminated with an ALT MODE under

interactive OS/ 8 should be terminated with a dollar sign under

BATCH.
BATCH executes a Command Decoder file specification by

stripping off the initial asterisk character and loading the remainder

of the record into the Command Decoder buffer. BATCH then

passes control to the Command Decoder, which decodes the file

specification as though it had been typed at the keyboard and re-

turns control to the running program.

If BATCH reads a record from the input file, expecting to find a

Command Decoder file specification, and finds a Keyboard Monitor

command instead, BATCH returns control to the monitor level by

recalling the Keyboard Monitor to execute the command. The run-

ning program is terminated and control remains at the monitor

level. If BATCH encounters a BATCH monitor command when it

expects to find a Command Decoder specification, it executes the

BATCH monitor command and continues processing the input file.

As long as a Command Decoder file specification is finally read

before the next Keyboard Monitor command, control will eventu-

ally return to the running program, and the file specification will be

executed.
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A BATCH monitor command is legal at any level of command
execution and the BATCH monitor returns control to the levelrom which it was entered. Keyboard Monitor commands are also
legal at any level (under BATCH, but not under interactive OS/8)-
however, the Keyboard Monitor terminates any program that may
be running when it is called and returns control to the monitor
level.

The computer operator may type CTRL/C at any time during a
batch processing run. Typing CTRL/C at the program level causes
an effective jump to location 07600, which recalls the BATCH
monitor. The BATCH monitor then recognizes the CTRL/C and
terminates the BATCH run.

The BATCH Input File

Figure 2-1 shows a listing of a BATCH input file. This listing
was produced by using PIP to transfer the BATCH input file from
disk to the console terminal, and the output has been reproduced
intact. Assume that OS/8 BATCH is loaded on a 12K system con-
taining one TU56 dual DECtape transport, a line printer, a Tele-
type terminal, and a disk as the system device. If the disk file shown
in Figure 1 is specified as an input file, B4TCH will begin pro-
cessing by printing a job header and executing the DATE com-
mand.

Control remains at the monitor level, so BATCH executes the
next command by calling and starting the Peripheral Interchange
Program. PIP, in turn, calls the Command Decoder, which accepts
and decodes the file/option specification that occupies the next
executable record (following the comment) of the input file. The
Command Decoder passes control to the program level, and PIP
lists the short form of the system disk directory at the' terminal.

If spooling is active, BATCH will intercept this output and store
it in a temporary file on the spool device. Assuming that DTAO is
the spool device and this listing is the first non-file-structured out-
put file intercepted by BATCH, the output will be stored in a file

named BTCHA1. BATCH then prints the message:

#SPOOL TO FILE BTCHA1

on both the console terminal and the line printer. The next file that
is rerouted to the spool device will be assigned the file name
BTCHA2, and successive files will be named:
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BTCHA3
BTCHA4

BTCHA9
BTCHBO
BTCHB1

BTCHZ9

SJOB DS/8 BATCH PROCESSING EXAMPLE *1

.DATE 3/5/7U

/LIST SYSTEM DEVICE DIRECTORY ON TELETYPE

/NoI'lISt'tmE DIRECTORY OF DECTAPE #3 ON THE LPT

SMSG MOUNT TAPE #i ON UNIT 1

*LPT :<DTAi |/L
/NOW TRANSFER FORTRAN SOURCE PROGRAM

/FROM DISK TO DECTAPE #3 (UNIT 1)

SMSG WRITE ENABLE 'UNIT 1

*UTAllFURTSi,FT<DSKlFORTSi,FT
/COMPILE FORTRAN SOURCE

*DTAl»FORTSl.RLrFQRTSl.LS<FORTSl.FT
/THAT CUNCLUOES JOB #1

SJOB OS/8 BATCH PROCESSING EXAMPLE #2

SMSG MOUNT TAPE *i ON UNIT I, WRITE ENABLED

,R PAL8
*PTPI,D7AilPROG.LS<OTAllPi*OC.PA
.RUN DSK. CPEF
*OTAl*.PROG.LS -_.«„,- rrnsr
/END OF EXAMPLE #2 AND END OF INPUT FILE

SEND

Figure 2-1: Sample BATCH Input File

allowing a total of 260 spool device files, which is more than ade-

quate in view of the limited maximum size of the OS/8 file direc-

tory (about 240 entries) . If output to a spool device file is generated

by a program that appends a default extension to output file names,

the spool device file will be assigned a standard default extension.

All of the spool device files may then be transferred to the terminal

or fine printer by using the program FOTP, with the input file

specification dev.BTCH??.*.
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Returning to the example of Figure 2-1, PIP executes the file

specification that appears in the fifth record, of the input file and

recalls the Command Decoder.

The Command Decoder then instructs BATCH to scan the input

file for the next file specification record. BATCH processes the

comment record by copying it onto the fine printer, then processes

the $MSG command by ringing the terminal bell, copying the

$MSG record onto the terminal, and, assuming that an operator

is present, pausing until any key is typed at the terminal.

Once the operator has resumed processing by typing any char-

acter, BATCH reads the eighth record in the file, recognizes it as a

Command Decoder specification record, and transfers control back

to the Command Decoder.

Processing continues in this manner until the third Command

Decoder specification record is read. When BATCH searches for

the next file specification record, it reads and executes the last

$MSG command, then encounters a Keyboard Monitor command.

BATCH passes this command to the Keyboard Monitor, which

terminates PIP and calls the FORTRAN compiler to load and com-

.pile source program FORTS 1. Upon completion of these opera-

tions, FORTRAN routes its output to the specified files and returns

control to .the monitor level. BATCH then encounters the second

$JOB record, causing it to terminate the current job and print a

new header.

The second job calls PAL8 to assemble a source program from

disk. The output listing is directed to the user's DECtape #2,
mounted on unit 1, while the binary output file is dumped onto

high-speed paper tape. The job concludes by running CREF to

produce a cross-referenced listing of the assembled program.

This job illustrates how OS/ 8 BATCH may be used to execute

multiprogram utility routines. If user #2 is a programmer who
usually follows a PAL8 assembly by running CREF, job #2 could

be a utility routine that combines the call to PAL8, the call to

CREF and both file specifications into a single software package

which may be run under batch processing or in an interactive en-

vironment.

The SEND record that appears as the last record in Figure 2-1

serves as a signal that batch processing has concluded and causes

BATCH to recall the Keyboard Monitor and re-establish interactive
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processing under OS/ 8. This command is always the last record of
the BATCH input file.

BATCH Error Messages

BATCH generates two types of error messages. BATCH gen-

erates run-time error messages which appear in the form:

#BATCH ERR

the second type of error message is generated when the Keyboard

Monitor or the Command Decoder recognizes a command error in

the BATCH input file. When this occurs, either the Keyboard

Monitor or the Command Decoder will transmit a standard OS/

8

error message and BATCH will append a "#" character to the
Kaftittnin nr /"**- +na rvi arc o ma c*r\ + r» n^ ti- *»*%*%a oi»p -i-r* 4-fn^i t/** ***»"» •

L/Wg
>
lJUlX.Ul£ OjL tllW IUVOlJU^, OV-» LUClC JLL ClpLy^tU. O 1JIX HIV X.KJL iXl

.

#SYSTEM ERROR
Any occurrence of a Keyboard Monitor or Command Decoder

error normally causes BATCH to abort the current job and scan

the input file for the next $JOB command. If the /E option was

specified, BATCH treats Keyboard Monitor and Command De-

coder errors as non-fatal and continues the BATCH run.

Table 2-3 lists the BATCH error messages, their meanings, and

the probable cause for the error.

Table 2-3 BATCH Error Messages

BATCH Error Message Meaning

#MONITOR OVERLAYED The Command Decoder attempted to

call the BATCH monitor to accept

and transmit a file specification, but

found that a user program had over-

layed part or all of the BATCH
monitor. Control returns to thfc mon-
itor level, and BATCH executes the

next Keyboard Monitor command.

#BAD LINE. JOB ABORTED The BATCH monitor detected a rec-

ord in the input file that did not

have one of the characters dot, slash,

dollar sign or asterisk as the first

character of the record. The record

is ignored, and BATCH scans the

input file for the next $JOB record.
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Table 2-3 BATCH Error Messages (Cont)

BATCH Error Message

#SPOOL TO FILE BTCHA1

#MANUAL HELP NEEDED

#ILLEGAL INPUT

Meaning

#INPUT FAILURE

Where the "A" may be any character
of the alphabet and the "1" may be
any decimal digit. This message in-

dicates that BATCH has intercepted
a non-file-structured output file and
rerouted it to the spool device. This
is not, generally, an error condition.
Spool device file names are assigned
sequentially, beginning with file

BTCHA1. Standard default exten-
sions may be assigned by some sys-

tem programs.

BATCH is attempting to operate an
I/O device, such as PTR or TTY,
that will require operator interven-
tion. If the initial dialogue indicated
that an operator is not present, this

message is suppressed, the current
job is aborted, and BATCH scans the
input file for the next $JOB com-
mand record. If an operator is pres-
ent, he should have been notified
what action to take by a $MSG com-
mand.

A file specification designated TTY
or PTR as an input device when the
initial dialogue indicated that an op-
erator is not available. The current
job is aborted, and BATCH scans
the input file for the next $JOB com-
mand record.

Either a hardware problem prevented
BATCH from reading the next rec-
ord of the input file, or BATCH
read the last record of the input file

without encountering a $END com-
mand record. If a hardware problem
exists, correct the problem and type
any character at the Teletype to re-
sume processing.
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Table 2-3 BATCH Error Messages (Cont)

BATCH Error Message

#SYS ERROR

Meaning

INSUFFICIENT CORE FOR
BATCH RUN

BATCH.SV NOT FOUND ON
SYS:

WRONG OS/ 8 MONITOR

DEV NOT IMPLEMENTED

ILLEGAL SPOOL DEVICE

A hardware problem prevented

BATCH from performing an I/O

operation. Program execution halts,

and the system must be restarted

manually. This message often indi-

cates that the system device is not

write enabled.

OS/ 8 BATCH requires 12K of core

to run. Control returns to the OS/

8

Monitor.

A copy of BATCH.SV must exist on

the system device. Control returns to

the OS/ 8 Monitor.

OS/ 8 BATCH requires an OS/

8

Monitor no older than version 3.

BATCH cannot accept input from

the specified input device because its

handler is not permanently resident

(SYS: or co-resident with SYS:).

Control returns to the Command
Decoder.

The device specified as a spooling

output device must be file-structured.

Control returns to the Command
Decoder.

Running BATCH From Punched Cards

The carriage return and ALT MODE characters are not defined

in the punched card character set. BATCH permits terminating

carriage return characters to be omitted from punched card input

files. Thus, when BATCH reads a punched card input file, it

appends a carriage return to the content of each card, immediately

following the last character on the card that is not a space char-

acter. As with disk, DECtape or paper tape input files, BATCH
considers the dollar sign character to be equivalent to an ALT

MODE when it appears on a punched card in any column except

the first.
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When BATCH is run with a punched card input file, it is possible
for user input files to be embedded in the BATCH input file User
input files should be inserted into the BATCH input file in such a
way that BATCH will never attempt to read a record of the user
file. That is, user files should follow a command record that trans-
fers control to the program level, and the running program must
exhaust all records of the user file before returning to the monitor
level.

Figure 2-2 illustrates how the second sample job of Figure 2-1
may be modified to run from a punched card input file with an
embedded user file. In this example, PAL8 reads the punched card
user file and assembles the source program, then returns control
to the monitor level. BATCH reads the next card of the input file,

which should contain the .R CREF command. If PAL8 has not
read every record of the user input file, however, BATCH will en-

counter a record from this file rather than the Keyboard Monitor
command record. This results in the message

:

#BAD LINE. JOB ABORTED
and causes BATCH to scan the input file until the next $JOB
record is read.

Restrictions Under OS/8 BATCH
OS/8 BATCH is a "friendly" system; that is, one which is

largely unprotected from user errors. The BATCH monitor resides
in locations 5000 to 7577 in the highest memory field available.
BATCH also uses the following locations in field and the memory
field in which it resides:

LOCATION USED AS:
07777 Batch processing flag.

N7774-N7777 Internal pointers.

Both the Keyboard Monitor and the Command Decoder check the
batch processing flag whenever they are entered from the program
level. Any user program that modifies location 07777 may cause
batch processing to be terminated prematurely before the next
record of the BATCH input file is read.
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EMBEDDED
USER FILE

*PTP:,DTAl:PROG.LS CDR:

i

.RPAL8

'$MSG MOUNT TAPE #2 ON UNIT 1

/$JOB OS/8 BATCH PROCESSING EXAMPLE #2
.r

Figure 2-2 Punched Card Input File



When the Keyboard Monitor is entered from the program level

(effective JMP to 07600 or 07605) it checks the batch processing
flag and reads a new copy of the BATCH monitor into core if

batch processing is in progress. The Command Decoder, however,
does NOT perform this operation. Thus, the Command Decoder
must not be called unless the BATCH monitor is already in core.

This means that large user programs may be loaded over theBATCH monitor as long as they do not modify the last four loca-
tions in the highest memory field; however, once a user core load
has overwritten the BATCH monitor, execution must remain at
the program level until the Keyboard Monitor has been re-entered
and a new copy of the BATCH monitor is read into core The
Command Decoder must not be called after a user program has
been loaded over the BATCH monitor.

In general, this restriction applies only to loader programs and
only when the loader calls the Command Decoder more than once
while building a large core load. Multiple calls to the Command
Decoder may be avoided when loading large programs during batch
processing if the core load is first built in a stand-alone environment
and then saved for subsequent execution under BATCH.

In conjunction with this, note that it is impossible to save the
core image of any program that overlays the BATCH monitor
under BATCH. After the load operation but before the save is
executed, the BATCH monitor will be read back into core, destroy-
ing part of the user program. Thus, the Keyboard Monitor SAVE
operation will cause part of the BATCH monitor to be saved in-f"at Part °f thG US£r Pr°gram Which °riginally overlayed
the BATCH momtor.
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BATCH Demonstration Program _. TfW nn
The following listing was produced by running BATCH on a

12K PDP-8/E system containing a disk, DECtape and a line

printer Only the Teletype output is reproduced here, and page

breaks were inserted arbitrarily to divide the listing into convenient

segments. The same BATCH input file has been processed twice,

with two different system configurations

Notice that the first BATCH processing run begins by listing the

BATCH input file, and that the three demonstration programs are

,R BATCH
#SYS:DEMO/U

Ull E«N'i"u»?». B.TCH INPUT FILE ON T ERHI*»U

„R PIP
*TTY.<D£MQ,BI

sSi^SW^VvlCE ASSIGNED LOGICAL NAME -IN-

.ASSIGN SYS IN ...
SMSG MOUNT SCKATCr! DECTAPE ON UNIT 1

.H PIP
/ZERO DECTAPE DIRECTORY

SMSG *RITE ENABLE UNIT 1

/list'systfm DIHECTORY ON line printer

*lpti<In:/e _.__
/TRANSFER DEMO PROGRAMS TO DECTAPE

*i)TAUD£M01.PA<0EM01.PA
*OTAUOEM02,FT<DFM02 t FT

*DTA1SOEM03.FT«DFM03.FT
/LIST THE FIRST DEMO PROGRAM

*TTY!<IN«DEM01.PA/T „„ OJkU
/LIST THE SECONU DEMO PROGRAM

*TTYI<INIDEM0<2.FT/T
/LIST TriE THIRD OtMQ PROGRAM

*TTY«<INIDEM03,FT/T
/ASSEMBLE nfcMQl.PA

*IN:DEM01,BN,DEM0i.LS<lNlDEM0i.PA
/PRINT CROSS tJEFFKENCE LISTING

.* CREF
*lpt«<in:demoi,ls
/LOAD ASSEMBLED BINARY INTO CORE

.* ABLSDR
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*OEMOl,BN$
/RUN FIRST DEMO PROGRAM
.START 20ki

/NO* SAVE CORE IMAGE OF DEMQi.PA, BUT MUST
/RELOAD FIRST, SINCE DEMOi IS SELF*M0DIF YING
,R ABSLOR
*IN:OEM01,PNS
.SAVE SYS DEMOI 0,2*50
/RUN DEMOI, SV TO bE SURE THAT IT WAS SAVED CORRECTLY
.RUN SYS DEMOI
/NOW COMPILE FORTRAN MAINLINE PROGRAM
,R FORT
*INSDEMQ2,9N.LPTI<INJ0EMO2,FT$
/COMPILE FORTRAN FUNCTION ROUTINE
.R FORT
*IN!DEM03,BN,LPT:<IN:DEM03,FTS
/TRANSFER BOTH BINARY FILES TO DECTAPE
,R PIP
*DTAl:0EM02,BN<0FK02

i &N/B
*DTAl;DEM03.BN<DFM03,BN/B
/LOAD AND EXECUTE FORTRAN PACKAGE
.R LOADER
*0EM02 t BN,DtM03.8N/G
/RENAME OfcMQ3„BN FOR FUTURE REFERENCE
,R PIP
*FACT<DEM03,BN/I
*DEM03.bN</U
/ADD FORTRAN FUNCTION TO FORTRAN LIBRARY
,R LIBSET
*LIB8,BN/S
•FACTS
/FINALLY. DELETE TEMPORARY FILE "FACT"
.R RIP
*FACT</D
/NOW CLEAN UP DISK AREA
*DEM01.BN,DEM01.SV,DFM02»BN</D
SMSG DEVICE NAMES DEASSIGNED
.DEASSIGN
SEND

$MSG SYSTEM DEVICE ASSIGNED LOGICAL NAME "IN"

$MSG MOUNT SCRATCH DECTAPE ON UNIT 1 ,

$MSG WRITE ENABLE UNIT 1
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*10
IR1, 300
200
START, CLA CLL

TLS
TAD I IRl

JMS TYPE
JMS TEST
JMP .-4

TYPE,
TSF
JMP .-1
TLS
CLA
JMP I TYPE

TEST,
TAD IRl
TAD M335
SZA CLA
JMP I TEST
TSF
JMP .-1

JMP 7S00
M335, -335
*301

215;212:
325;324i
314;305:

$
C FORTRAN DEMONSTRATION PROGRAM

DIMENSION AC35)
DO 10 N=2,34 f 2
A(N)=FACT(N)

10 WRITE <1,S0)N,A(N)
STOP

60 FORMAT (13,*! = ',E14.7)
END

C FORTRAN FUNCTION TO COMPUTE FACTORIALS
FUNCTION FACTCN)
IF CN-34) 1,5,5 .

1 IF (N) 2,4,2
2 M=N-2

FACT=N
DO 3 K=1,M
C=N-K

3 FACT=FACT*C
RETURN

4 FACT=1.
RETURN

5 WRITE (1,6) N
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FACT=0.
RETURN

6 FORMAT CI5,M EXCEEDS CAPACITYv
OF PROGRAM.*)

END

!!! EXECUTION COMPLETE! !!

!!! EXECUTION COMPLETE! !!

2! = 0.2000000E+01
4! = 0.2450000E+02
6! = 0.7203000E+03
8! = 0.4 032000 E+05
10! = 0.3628800E+07
12! = 0.4 790016E+09
14! = 0.8717829E+1 1

16! = 0.2092279 E+14'
18! = 0.6402374E+16
20! - 0.2432902 3-19
22! = 0.1124001 E+22
24! = 0. 6204484 E+24
26! = 0.4032915E+27
28! .= 0.3048883 E+30
30! = 0.2652529E+33
32! = . 0.2631308E+3^

34! EXCEEDS CAPACITY OF PROGRAM.
34! = 0.0000000E+00
SMSG DEVICE NAMES DEASSIGNED

#END BATCH

The next run is initiated via the SUBMIT command.

.submit sys:<sys:demo/u/t
SJOB OS/8 BATCH DEMO

$MSG BEGIN BY LISTING BATCH INPUT FILE ON TELETYPE:
.R PIP
tTTY»<DEMQ,BI

#SPOOL TO FILE BTCHA1
.DATE 8/3/72
SMSG SYSTEM DEVICE ASSIGNED LOGICAL NAME "IN"
.ASSIGN SYS IN
SMSG MOUNT SCRATCH DECT APE ON UNIT 1

.R* PIP
/ZERO DECTAPE DIRECTORY
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$MSG WRITE ENABLE UNIT I

*DTA1:«-/Z
/LIST SYSTEM DIRECTORY ON LINE PRINTER
*LPT:«-IN:/E

#SPOOL TO FILE BTCHA2
/TRANSFER DEMO PROGRAMS TO DECTAPE
* DTA1 : DEM 01 . PA«-DEM01 . PA
*DTA I : DEM02 . FT-DEMQ2 . FT
*DTA1 : DEMOS . FT«-DEM03 . FT
/LIST FIRST DEMO PROGRAM
*TTY:-IN: DEM01.PA/T

#SP00L TO FILE BTCHA3
/LIST SECOND DEMO PROGRAM
*TTY:«-IN: EEM02.FT/T

#SP00L TO FILE BTCHA4
/LIST THIRD DEMO PROGRAM
*TTY:-IN: DEM03.FT/T

#SPOOL TO FILE BTCHA5
/ASSEMBLE DEM01.PA
r PAL8
IN: DEM01.BN,DEM01 .LS«-IN: DEM01.PA
/PRINT CROSS REFERENCE LISTING
J? CREF
*LPT:-IN: DEMOl.LS

#SPOOL TO FILE BTCHA6
/LOAD ASSEMBLED BINARY INTO CORE
Ji A3SLDR
*DEMOi.BN$
/RUN FIRST DEMO PROGRAM
.START 200

!! ! EXECUTION COMPLETE! !

!

/NOW SAVE CORE IMAGE OF DEMOl.PA, BUT MUST
/RELOAD FIRST, SINCE DEM01 IS SELF- MODIFYING
.R ABSLDR
*IN: DEM01.BNS
.SAVE SYS DEMO! 0,200
/RUN DEM01.SV TO ENSURE THAT IT WAS SAVED CORRECTLY
J? UN SYS DEM01

!! ! EXECUTION COMPLETE! !!

/NOW COMPILE FORTRAN MAINLINE PROGRAM
JR FORT
IN: DEMQ2.BN,LPT:«-IN: DEMOB. FT$
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#SPOOL TO FILE BTCHA7
/COMPILE FORTRAN FUNCTION ROUTINE
J{ FORT
*I N: DEMOS .B N, LPT: «-I N: DEM03 . FT$

#SPOOL TO FILE BTCHA8
/TRANSFER BOTH BINARY FILES TO DECTAPE
.R PIP
*DTA1: DEM02.BN«-DEM02.BN/B
*DTA1: DEMO3.BNH)EM03.BN/B
./LOAD AND EXECUTE FORTRAN PACKA3E
,R LOADER
*DEMCE.BN,DEM05.3N/3

2! = 0.2000000E+01
4! = 0.2400000E+02
6! = 0.7200000E+03
8! = 0.4332000E+05

10! = 0.3628800E+07
12! = 0.4 790016E+09
14! = 0.87178295H1
16! = 0.2092279 E+14

18! = 0.6402374E+16
20! = 0.2432902 B-19
22! = 0.1124001 E+22
24! = 0.6204 484 E+24
26! = 0.4032915E+27
28! = 0.3048883 E+30
30! = 0.2652529 E+33
32! = 0.2631308E+36

34! EXCEEDS CAPACITY OF PROGRAM.
34! = 0.0000000E+00
/RENAME DEM03.BN FOR FUTURE REFERENCE
J? PIP
*FACT-DEM03.BN/I
*DEM03.BN«-/D
/ADD FORTRAN FUNCTION TO FORTRAN LI3RARY
.R LIBSET
*LIB8.BN/S
*FACT$
/FINALLY, DELETE TEMPORARY FILE " FACT"
.R PIP
*FACT*-/D

/NOW CLEAN UP DISK AREA
*DEM01.BN,DEM01.SV,DEM02.BN-/D
$MS8 DEVICE NAMES DEASSI3NED
.DEASSI3N
SEND

#END BATCH

2-21



Loading and Saving BATCH
The paper tape binary version of OS/8 BATCH may be loaded

and saved on the OS/8 system device by typing the following com-
mands in response to the dot generated by the OS/ 8 monitor:

. R ABSLDR
*PTR:(9P)$t
.SAVE SfS BATCri

Once the ALT MODE ($) has been entered, the system will

print an uparrow and pause. Load the binary paper tape into the

high-speed reader, turn the reader on, and type any character at the

keyboard to continue.

Loading and Saving Programs

For Use Under BATCH
A program that never uses more than 8K of core can never de-

stroy the BATCH monitor. When this sort of program is loaded

from a DECtape system, considerable time is saved through use of

the /P option.

The /P option is a new ABSLDR option designed for use under

OS/8 BATCH. It causes the 400 bit of the job status word (loca-

tion 07746) to be set and prevents the Keyboard Monitor from
reading a fresh version of the BATCH monitor into core every time

the monitor level is re-entered from the program level.

For example, OS/8 PIP never uses more than 8K of core. Thus,

the best method of loading PIP would be:

.R ABSLDR
*PTR: (89P)=13000$

The /P option is not really necessary on a disk system, because

very little time is required to refresh the BATCH monitor from

disk. The /P option should not be used with any program that

occupies or modifies core above field 1

.

Transferring the System Software From Cassette to the System

Device

The following BATCH file can be used to transfer the OS/

8

System Software from cassette to the system device.
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SJOB JOB TO LOAD SYSTEM Cassfttf * a »« -
•R MCPIP

OT3TEM CASSETTE # 2 TO SYSTEM DEVICE
*SYs:CCL.SV<CSA0?CCL,SV
*SYSIDIRECT.SV<CSA0| DIRECT. SV
*SYSIFOTP.SV<CSA0JFOTP.SV
*SYS8PIP.3V<CSA0JPIP,SV
*SYS:LI88.RL«CSA0ILIB8,RI.
*SYSIEDIT,SV<CSA0IEDIT.SV
*SYS:PAL8,SV<CSA0?PAL8.SV
*SYS»CREF.SV<CSA0*CREF.SV
*SYSIBITMAP.SV<CSA0{ BITMAP. SV
*sysiboot.sv<csa0;boot.sv
*SYS«CAMP,SV<CSA0:CAMP.SV
*SYSIRK8FMT,SV<CSA0?RK8FMT.SV
*Sys:RKEFMT.SV«eSA0JRKEFMT.SV
SEND

WOIWOB TO LOAD SYSTEM CASSETTE #3 TO SYSTEM DEVICE
*SYSlFORT.SV«CSAl«FORT.SV
*SYSISABR,SV«CSA1ISABR,SV
*SYSILOADER,SV<CSAilLOADER.SV
*SYSISRCC0M.SV<CSAUSRCC0M.8V
*SYSIEPIC.SV«CSAHEPIC.SV
*SYSiPIP10,sv«CSAllPlP10.sv
*SYSIRESORC.SV<CSAHRESORC.SV
*SYSlOTCOPY,SV<CSAiJDTCOPY.SV
*SYSITDCOPY.SV<CSAHTDCOPY SV
*SYSITDFRMT.SV<CSAi.TDFRMT SV

Jj[j5
,0TFRMT.8V<C3AllDTFRMT.SV

!i°W«!
T ° L °AD SVSTEM ** T0 ^STEM DEVICE

*SYS;TC08SY.BN<CSA0JTC08SY.BN
*SYS*TD8ESY.BN<CSA0:tD8ESY BN
*SYS:LIMCSY.BN<CSA0:lINCSY.BN
*SYS:DF32SY.BM<CSA0|5f32SY 8N
*SYSJRF08SY.SN<CSA0|RF0 8 SY BN
*SYS:RK08SY.BN«CSA0?r K 08SY.BN
*SYS!RK8ESY.BN<CSA0!Rk8ESY BN
*SYSIROMMSY.BN<CSA0:roMMSY BN

:! v

V
!!!;^.

CNS - aN<CSA0 5 LINCN^ BN
*SYSITC08NS.BN<CSA0:TC08NS BN

*^?!pTSf
N
f'

BN<CSA0!RK8ENS.BN
*SYSIPT8E.BN<CSA0IPT8E,BN
*SYSILSPT,BN«CSA0ILSPT,BN
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*SYSIL645.BN<CSA0tL&ft5.BN
*SYSU5R33.BN«CSA0IASR33,BN
*SYS«RK08NS.BN<CSA0»RK08NS,BN
*SYS>CR8E,BN<CSA01CR8E,BN
*SYS»BAT.BN<C3A0lBAT.BN
*SYS8TD8EA,BM<CSA0lTD8EA,BN
*SYSltO8EB.BN<CSA0»TO8EB.BN
*SYSlTD8EC.BN<CSA0lTD8EC.BN
*SYS«TD8ED,BN<CSA0lTD8ED.BN
*SYStVR12.BN<CSA0*VRi2.BN
*$YS:RF08NS,BN<CSA0IRF08NS.BN
*SYSIDF32NS.BN<CSA0:DF32NS.BN
*SYS*KL8E,BN<CSA0*KL8E,BN
*SYS!LP5V.BN<CSA0!LPSV,BN
*SYS«TM8E.BN<CSA0»TM8E,BN
*sys«csa.bn<csa0tcsa,bn
*sys:csb.bn<csab:C8B,bn
*SYS»C5C,BN<CSA0:CSC,BN
*SYSJCSO.BN<CSA0:CSO i BN

*SYS1 DIRECT. HL«CSA0 J DIRECT. HL

*SY5JBATCH.HL<CSA0lBATCH.HL
*SYS!SABR,HL<CSA0!8ABR.HL
*SYSIPIP.HL«CSA0tPlP.HL
*SYStFOTP.HU<CSA0!FOTP.HU
*SYS«ABSLDR.HL<CSA0tABSUDR.HL
*SYSlPIP10.HL<C5A0lPIP10,HL
*SYSIBOOT,HL<CSA0:BOOT,HL
*SYS»LOADER,HU<CSA0 J LOADER. HL

*5YS I BITMAP. HL<CSA01 BITMAP. HL

•SYS IEDIT.HL<CSA0« EDIT. HL

*SYSICREF.HL«CSA0ICREF.HL
*SYS« BUILD. HL<CSA0 1 BUILD. HU
*SYSIPAL8,HL<CSA0«PAL8.HL
*SYSIODT.HL<CSA0 8ODT,HL
*SYS:SRCCOM,HL<CSA0;SRCCOM.HL
*SYS:CCL.HL<CSA0iCCL,HL
*SYSlTECO,HL<CSA0tTECO,HL
*SYS1FORT.HL<CSA0IFORT,HL
*SYSILOAD.HL<CSA0!LOAD.HL
*SYS: LIBRA. HL«CSA0*LIBRA.HL
*SYSIEPIC.HL«CSA0»EPIC.HL
SEND

SJOB JOB TO LOAD SYSTEM CASSETTE # 5 TO SYSTEM DEVICE

R MCP I

P

*SYSILIB8,RL<CSA1»LIB8,RL
*SYSlGENlOX.RL«CSAUGENIOX.RL
*SYSIIOH.RL<CSAlllOH.RL
*SYSlFLOAT.RL<CSAilFLOAT.RL
*SYSIINTEGR.RL<CSAi;lNTEGR,RL
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*SYSIUTILTY.RL<CSA1IUTILTY.RL
• SYS lP0WERS,RL<CSAl I POWERS. RL
*SYSHP0WRS f RL<CSAl*IP0WRS.RL
*SYSlSORT,RL<CSAi»SQRT.RL
*SYSITRIG,RU<C8A1ITRI6.RL
*SYS!ATAN,RL<CSA1*ATAN,RL
*3YSIRWTAPE.RL«CSA1JRWTAPE,RL
*SY3H0PEN,RL<CSAttl0PEN.RL
*SY8II.IB8ET,SV«C3A1JLIBSET.SV
*SYSIKL8E.PA<CSAi*KL8E.PA
SEND

SJOB JOB TO LOAD SYSTEM CASSETTE #6 TO SYSTEM DEVICE

,R MCPIP
*SYSJCCL.PA<CSA0!CCL,PA
SENO

SJOB JOB TO LOAD OS/8 EXTENSION CASSETTE TO SYSTEM DEVICE

R MCP I

P

*SYSlBATCH t SV<CSAllBATCH,SV
*SYSIBASIC.SV<C3AHBA3IC.SV
HSYSIBCOMP.SV^CSAUBCOMP.SV
*SYS»BLOAD,SV<CSAilBLOAD,SV
*SYSIBRTS.8V<CSAilBRTS,SV
*SYS «B ASIC, AF<CSAl I BASIC. AF

SYSlBASIC.SF<CSAilBASlC.SF
*SYSIBASIC.FF<CSA1|BASIC.FF
*SYSIBASIC,UF<CSAHBASIC,UF
*SYSIEAEOVR.BN«CSAl IEAEOVR.BN
*SYS»RESEQ,BA«C3AllRESEQ.BA
*SYSITEC0.SV<C3A1*TEC0,SV
*SYS«MSBAT.SV«CSAllMSBAT.SV
*SYSSGENI0X.RL<C8AllGENI0X.RL
SEND
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BITMAP
BITMAP is an OS/8 utility program which constructs a table

(map) showing the memory locations used by given binary files.

Hardware and Software Requirements

BITMAP runs on the standard OS/8 configuration and requires

the OS/8 software package. BITMAP uses 8K of core to map
programs that use up to 16K of core, but requires 12K of core to

map programs using more than 16K of core.

Loading Bitmap

Type

.R BITMAP

to call the BITMAP program from the system device1
. The sys-

tem responds by printing an asterisk (*) at the left margin. Type
the input line to BITMAP, indicating input devices and file name
(if input is from a mass storage device), any options desired, and
an output device and file name (if output is to a mass storage

device).

The standard input devices for BITMAP are: PTR, DTAn, DSK,
and SYS. Any other device which can contain absolute binary files

can be used as an input device if a device handler exists. TTY
should not be used, as the binary code may appear to the TTY
handler as control characters.

BITMAP accepts only absolute binary files. Relocatable and

core image files may not be used. If no extension to the input

file name is typed, BITMAP assumes the .BN extension. If more
than one program is present in a file, only the first program is bit-

mapped. (This feature allows BITMAP to ignore any noise char-

acters which might be caused by reading over the end of a paper

tape.) This feature can be overridden by the /S switch.

Type the RETURN key at the end of an input specification line

to signal that more input is to be given on the next line. Use the

ALT MODE key as a line terminator when there is no more input;

the Command Decoder is not recalled, and control returns to the

Keyboard Monitor. The last line typed specifies the output device

1 System output is underscored throughout this manual.
= carriage return.
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on which the bit map is to be produced. Any legal OS/8 output

device may be specified. If no output device is specified, output is

to the console terminal. For example:

.r bitmap
*DTA1:FILE1,FILE2,FILE3, FILE4

*LPT: <PTR: £t

If an output file is specified without an extension BITMAP inserts

a MP extension. The preceding lines cause FILE1, FILE2 MU^,

and FILE 4 from DECtape 1 to be considered. Then a file is read

from the highspeed paper tape reader. The $ character is printed

by the ALT MODE key which indicates a return to the Keyboard

Monitor. The resulting bit map combining all the files read is pro-

duced on the line printer.
. ,

The various options accepted by BITMAP are given below:

Table 2-4 Bitmap Options

Option Meaning—
Reset internal bit map of BITMAP to look as though

nothing has been input.

/S Consider all binary programs in the specified input

file(s) (instead of only the first program in each file,

which is normally done).

/n Where n is an integer, forces mapping of all files spe-

cified pn this input line as if it were initially n field n.

/T This is used to change the style of output—i.e., put tele-

type style output on non-teletype or non-teletype style

output on teletypes. ^__

Examples of command lines to BITMAP:

.R BITMAP
SYS: PROG. 01

*.DTA1 : MAP<DTA5: PATCH S

The above commands create a bit map of the combined files

PROG 01 on the system device and PATCH.BN on DECtape 5

and stores the output in the file MAP.MP on DECtape 1.
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. R BI TMAP
*LPT:<A,B,CS

This example shows a bit map being produced on the line printer

de

r

vice

e

DSK^
binati0n

**^ ^^ ^ (A
'

B
'
*** Q °n the

. R BITMAP
*TTY:<PTR: /S$t

~~~ ~^j M^ ia lcaCt xroxn me mgn-speed paper tape reader, and
a bit map is produced on the terminal combining all binary files on
that paper tape.

BITMAP Output

The output of BITMAP is a series of lines, each of which is
comprised of a string of digits. Each digit represents a single core
location, and can have the value 0, 1, 2 or 3. The value is assigned
as follows:

means that the location was not loaded into.

1 means that the location was loaded into once.
2 means that the location was loaded into twice.

3 means that the location was loaded into three or more
times.

Appearance of a 2 or 3 may imply a programming error (e.g., two
separate routines are each trying to load values into the same loca-
tion).

Each line of digits represents 1008 core locations and lines are
blocked in pairs to represent pages. On teletype output, the bit
map is bordered by a set of octal coordinates which associates
one core location to each digit. For any given entry in the map
the corresponding core location can be determined by adding the
horizontal and vertical coordinates that lie directly to the left and
above the entry.
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The following is an example of teletype style output:

BITMAP V« (-TELC
.

'

000880001 1 1 1 1 1 1 1222222223333333344444444555555556666666677777777
ai234567ai23a5fc7012345670123456701234&67812345670123S567B1234567

00000 22???222?i imi i lasiBBeofsBBPeaaaBeflBBBoeBBaocaoBBBBaaaBBBBBaoMeo

001C»0

P0200 222222?22222222222?222222222222222222222222222222222222222222222
B0300 2222222222222222221111111111111111111111111111111111111111122221

004H0 22222222?2222«;2?222222222222222222222222222222222222222222222222

B050B 22222222?22.222222222?222?22222222222222222222 222222222222 2222222

00600 lniimiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiitiiininiiiiiiiini
BB7BB tun nit ii uii n liiiiiiiiii i inn t mi 111111111111011111 it mil

B1000
01100

Bl2e0
?i3eB

BlitpB
.01500'

01600
B17B0

02000
02100

The following is an example of non-teletype style output:

BITMAP V4 FIELD i

0B300 22222222 21111111 1BB0B0B0 BBB00000 00000000 00000000 B0000000 0BB00BBB

001PB

BB2P0 22222222 22222222 22222222 22222222 22222222 22222222 22222222 22222222

0.03B0 22222222 22222222 22111111 1111111) 11111111 llllllll 11111111 11122221

00400 22222222 22222222 ?2??2222 22222222 22222222 22222222 22222222 22222222

00500 22222222 22222222 22222222 22222222 22222222 22222222 22222222 22222222

00600 llllllll llllllll llllllll llllllll llllllll llllllll llllllll llllllll

00700 lllltlll llllllll llllllll llllllll llllllll llllllll 11101111 llllllll

01000
01100

01200
B1300

014P0
0ise0

01600
B17B0

02000
02100
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BITMAP Error Messages

After each error message control returns to the Command De-
coder and the user can try the procedure again, or reset the pro-
gram (using the /R option) and try again using different inputs.

Message Meaning

I/O ERROR An I/O error occurred in input file number
FILE #n n .

BAD INPUT, A physical end of file has been reached be-
FILE #n fore a logical end of file, or extraneous char-

acters have been found in binary file n.
BAD CHECKSUM, File number n of the input file list had a
FILE #n checksum error.

NO INPUT No binary file was found on the designated

device.

ERROR ON Error occurred while writing on output de-
OUTPUT vice, i.e., output error on DECtape write.

DEVICE
NO /I Cannot produce a bitmap of an image file.

Assembly Instructions

Use PAL8 to make BITMAP.BN from BITMAP.PA as follows

. R PAL8
*DEV: BI TMAP<DEV: BI TMAP

The listing file shown in parentheses is optional.

Use ABSLDR to make BITMAP.SV from BITMAP.BN on a
DECtape file:

.R ABSLDR
*DEV: BI TMAP= 1 2000/9 $
• SAVE DEV BITMAP
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To load and save the binary paper tape (DEC-S8-OSYSA-C-PB 17):

.R ABSLDR
*PTR: = 12000/9 $t

.SAVE DEV BITMAP

and store in the file MAP.MP on DECtape 1

.
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BOOT

BOOT is an OS/8 program used to bootstrap from one PDP-8
system to another and to bootstrap from one device to another by
typing commands on the keyboard. BOOT can run conveniently
from OS/8 and COS 300 and can also run from any other PDP-8
monitor system (e.g., CAPS-8).

To run BOOT from COS 300, see the COS 300 System Refer-
ence Manual, Chapter 9 (DEC-08-OCOSA-E-D).
To run BOOT from OS/8, type:

.R BOOT/dv

or

.RUN DEV:BOOT/dv

where dv is a 2-character mnemonic which must immediately fol-
low a slash. This mnemonic represents the device type and the
system to be bootstrapped. Do not attempt to bootstrap onto a
device which is not ready or does not exist.

To run BOOT from an OS/8 device with CCL enabled, type:

.BOOT/dv

If the above form of call is used, BOOT.SV must be present on
the system device.

If the following is typed:

. R boot

the system responds with a slash and the user can respond with
the dv mnemonic.

If an illegal mnemonic is typed, the system prints:

NO
/

to allow a new mnemonic to be entered. Type RUBOUT to erase
the line, then enter the command correctly.

If the device mnemonic is followed by a period, the program
loads the correct bootstrap into core and then halts. Press CONT
to branch to the bootstrap.

Table 2-5 lists the legal mnemonics for BOOT.
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Table 2-5 Boot Mnemonics

Mnemonic Device System or Comments

CA TA8E cassette CAPS-8

DK Any disk (RF08,

DF32, RK8E, RK8)

OS/8, COS 300

DL LINCtape DIAL-V2, DIAL-MS

DM RF08 or DF32 Disk Monitor

DT Any tape (TC08,

TD8E, LINCtape)

OS/8, COS 300

LT LINCtape OS/8, COS 300

PT PT8E paper tape Loads BIN/ loader into field

RE RK8E disk OS/8, COS 300

RF RF08, DF32 disks OS/8, COS 300

RK RK8 disk OS/8, COS 300

TC TC08DECtape OS/8, COS 300, Disk Monitor,

DEC library system, and others

TD TD8E DECtape OS/8, COS 300

TY TC08 DECtape unit 4 Typeset bootstrap

VE Types BOOT'S version number

ZE Zeroes core (field 0)

More than one device of a particular type (e.g., disk, DECtape)
may be present on the OS/ 8 system. When the DK or DT
mnemonic is used, BOOT assumes the following priorities:

Disk -

1. RF08orDF32
2. RK8E
3. RK8

DECtape

1. TC08
2. TD8E
3. LINCtape
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BUILD
BUILD is the system generation program for OS/8 which allows

the user to:

1. Create an OS/8 monitor system from cassettes or paper tapes.

2. Maintain and update device handlers in an existing OS/8

system.

3. Add device handlers supplied by Digital to a new or existing

system.

4. Add user-written device handlers to a new or existing system.

With BUILD, simple keyboard commands are used to manipulate

the device handlers which make up the OS/8 peripheral configura-

tion. BUILD allows the user to quickly and easily insert devices

Wllicil itic nut Manualu uu mC ajrouCm.

OS/8 Device Handlers

Each OS/8 configuration has certain device handlers that are

available within BUILD when the system is supplied by Digital.

The handlers supplied with BUILD depend on the distribution

media of OS/8 software, i.e., DECtape (LINCtape), cassettes, or

paper tape. The device handlers supplied with BUILD are detailed

for specific distribution media in Tables 2-6, 2-7, and 2-8. (See

Appendix H for more detailed information concerning OS/8 device

handlers.

)

Device handlers that are included with BUILD must be made

active before they can be used by the OS/8 system. The BUILD
commands INSERT, REPLACE, and SYSTEM are used to make

device handlers active. A maximum of 15 handlers can be made

active, including the system device (SYS) and the default mass

storage device (DSK).

Inactive devices, even though they are included with the original

BUILD, cannot be used on the system until they are made active.

For example, several system handlers may be supplied with BUILD,

but only one may be marked active.

All other device handlers supported on OS/ 8 are supplied with

every configuration but those not included in the original BUILD
must be loaded into BUILD before they can be used. This is ac-

complished with the BUILD command LOAD. See Table 2-9 for

a complete list of the device handlers available with OS/8.
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Handlers in BUILD are identified by two names, the first of
which is the group name. This is the name assigned to an entire
group of handlers all of the same type. For example, the nonsystem
TC08 DECtape handler as supplied with a DECtape system, which
has four separate handlers internally, has the group name TC.

In addition to the group name, a device also has a permanent
device name. This is the name by which OS/8 identifies the physi-
cal device. For example, TC08 DECtape unit 3 has the group
name TC and the permanent name DTA3.
DECTAPE (LINCTAPE) SYSTEMS
When OS/8 software is supplied on DECtape or LINCtape, the

device handlers shown in Table 2-6 are included in BUILD. The
handlers in Table 2-6 can be made active with the INSERT SYS-
TEM, or REPLACE commands.

Table 2-6 Standard DECtape System Device Handlers

Handler
Group
Name

Permanent
Name(s)

TC08 DECtape system handler
TC08 nonsystem DECtape

drives 0-3

12K TD8E DECtape system
handler and drives and 1

8K ROM TD8E DECtape system
handler and drives and 1

TD8E nonsystem DECtape
drives and 1

TD8E nonsystem DECtape
drives 2 and 3

RK8E disk system handler
RK8E disk nonsystem handler

RK8 disk system handler
RK8 disk nonsystem handler
LINCtape system handler
LINCtape nonsystem handler
RF08 disk system handler
Console terminal (2-page handler)
High-speed I/O simulated on
ASR-33 Teletype

High-speed reader/punch
LP08, LS8E, LV8E line printers

TA8E cassette drives and 1

PDP-12 scope

TC08 SYS
TC DTA0-DTA3

TD8E SYS, DTAO, DTA1

n ROM SYS, DTAO, DTA1

TD8A DTAO, DTA1

TD8B DTA2, DTA3

RK8E SYS, RKBO
RK05 RKAO, RKA1,

RKB0,RKB1
RK8 SYS,RKA1
RK01 RKAO, RKA1
LINC SYS
LNC LTA0-LTA3
RF08 SYS

) KL8E TTY
KS33 PTR, PTP

PT8E PTR, PTP
LPSV LPT
TA8A CSAO, CSA1
VR12 TV
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Other device handlers available with OS/8 but not included in

BUILD are listed in Table 2-9. The handlers supplied with a

DECtape or LINCtape system are on the System Tape #2 (DEC-

S8-OSYSB-A-UC2). To include extra handlers in BUILD, mount

this tape and use the LOAD command.

CASSETTE SYSTEMS
When OS/8 software is supplied on cassettes, the device handlers

shown in Table 2-7 are included in BUILD. These handlers can be

made active with the INSERT, REPLACE, or SYSTEM com-

mands.

Table 2-7 Standard Cassette System Device Handlers

Handler

Group
Name

RK8E disk system handler RK8E
RK8E disk system handler RK8
RF08 disk system handler RF08
DF32 disk system handler DF32
Console terminal (2-page handler) KL8E
High-speed 1/O simulated KS33

on ASR-3 3 Teletype

High-speed reader/ punch PT8E
TA8E cassette drives and 1 TA8A
LP08, LS8E, LV8E line printers LPSV

Permanent
Name(s)

SYS, RKBO
SYS, RKA1
SYS
SYS
TTY
PTR, PTP

PTR, PTP
CSAO, CSA1
LPT

Other handlers supplied with OS/8 but not included in BUILD

are listed in Table 2-9. These handlers are present on the system

cassette DEC-S8-OSYSB-A-TC4. To include extra handlers in

BUILD, build an OS/8 system, use MCPIP to move specific device

handlers onto the system device, then use the BUILD command

LOAD.

PAPER TAPE SYSTEMS
When OS/8 software is supplied on paper tape, the device hand-

lers shown in Table 2-8 are included in BUILD. These handlers

can be made active with the INSERT, REPLACE, or SYSTEM

commands.
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Table 2-8 Standard Paper Tape System Device Handlers

Handler
Group
Name

Permanent
Name(s)

RK8E disk system handler

RK8 disk system handler

RF08 disk system handler

TDF32 disk system handler

Console terminal (2-page handler)

High-speed I/O simulated

on ASR-33 Teletype

High-speed reader/punch
TA8E cassette drives and 1

LP08, LS8E, LV8E line printers

RK8E SYS, RKBO
RK8 SYS, RKA1
RF08 SYS
DF32 SYS
KL8E TTY
KS33 PTR,PTP

PT8E PTR, PTP
TA8A CSAO, CSA1
LPSV LPT

Other handlers supplied with OS/8 but not included in BUILD
are provided on two binary paper tapes. DEC-S8-OSYSB-A-PB2
contains the file-structured handlers. DEC-S8-OSYSB-A-PB3 con-

tains character-oriented handlers. These tapes contain handlers

which can be loaded into core using the BUILD command LOAD.
The BUILD device handler tapes are composed of separate seg-

ments, with a short length of leader/trailer code between them.

(All of these handlers are in the special format described in BUILD
Device Handler Format in this section.) Table 2-9 contains a list

of the handlers that are included on the tapes. The handlers are

listed in the order that they appear on the tapes. The TC08 handler

is the first segment on handler tape #1 and the KL8E terminal

handler is the first segment on handler tape #2. It is suggested that

either the segments be labeled or separated for easier use.

To utilize a binary handler file, place the desired segment into

the paper tape reader. Use the BUILD command LOAD to load

that segment as follows:

$LOAD PTR[:] Type a colon (:) after the device name if

t BUILD was loaded from an OS/8 system

$ device. The t allows time to place the tape

in the reader. Type any keyboard charac-

ter to load the tape. When the $ reap-

pears, the handler has been loaded into

BUILD's table. Type the BUILD com-
mand PRINT to verify that the handler

has been loaded.
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Table 2-9 OS/8 Device Handlers

File Name
on DECtape

Group Permanent LINCtape or

Handler Name Name(s) Cassette

TC08 DECtape system handler TC08 SYS, DTAO TC08SY.BN
12K TD8E DECtape system TD8E SYS, DTAO, DTA1 TD8ESY .BN .

handler

8K ROM TD8E DECtape ROM SYS, DTAO, DTA1 ROMMSY .BN

system handler

LINCtape system handler LINC SYS, LTAO LINCSY .BN

RK8E disk system handler RK8E SYS, RKAO, RKBO RK8ESY .BN

RK8 disk system handler RK8 SYS, RKAO, RKA1 RK08SY .BN

RF08 disk system handler RF08 SYS
'

RF08SY .BN

DF32 disk system handler DF32 SYS DF32SY .BN

TD8E DECtape drives and 1 TD8A DTA0,DTA1 TD8EA .BN

TD8E DECtape drives 2 and 3 TD8B DTA2, DTA3 TD8EB .BN

TD8E DECtape drives 4 and 5 TD8C DTA4, DTA5 TD8EC .BN

TD8E DECtape drives 6 and 7 TD8D DTA6, DTA7 TD8ED .BN

TC08 DECtape drives 0-7 TC DTA0-DTA7 TC08NS .BN

LINCtape drives 0-7 LNC LTA0-LTA7 LINCNS .BN

RK8E disk nonsystem handler RK05 RKA0-3, RKB0-3 RK8ENS .BN

RK8 disk nonsystem handler RK01 RKA0-RKA3 RK08NS .BN

RF08 disk nonsystem handler RF RF, NULL RF08NS .BN

DF32 disk nonsystem handler DF DF DF32NS .BN

Console terminal (2-page KL8E TTY KL8E .BN

handler)

Console terminal (1-page AS33 TTY ASR33 .BN

handler)

High-speed I/O simulated on

'

KS33 PTR, PTP LSPT .BN

ASR-33 Teletype

High-speed reader/punch PT8E PTR, PTP PT8E .BN

LP08, LS8E, LV8E line LPSV LPT LPSV .BN

printers

Anelex 645 line printer L645 LPT L645 .BN

Card reader CR8E CDR CR8E .BN

BATCH handler BAT BAT BAT .BN

PDP-12 scope VR12 TV VR12 .BN

TU10 magnetic tape drives 0-7 TM8E MTA0-MTA7 TM8E .BN

TA8E cassette drives and 1 TA8A CSAO, CSA1 CSA .BN

TA8E cassette drives 2 and 3 TA8B CSA2, CSA3 CSB .BN

TA8E cassette drives 4 and 5 TA8C CSA4, CSA5 CSC .BN

TA8E cassette drives 6 and 7 TA8D CSA6, CSA7 CSD .BN

Calling and Using BUILD
BUILD is distributed as both a binary paper tape or cassette and

as a core image file (BUILD.SV) on the system DECtape or LINC-

tape. The binary BUILD file should be loaded and saved on the
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system device when the initial system is built (see Getting On Lme

with OS/8 in Chapter 1). To use the BUILD.SV file on the system

device, type the following command in response to the dot printed

by the OS/8 Keyboard Monitor:

RUN SYS BUILD

NOTE
It is important that the user specify the RUN
or RU command, rather than the R com-

mand, when loading BUILD into core. This

will allow the use of the SAVE command

without specifying SAVE arguments.

BUILD responds "by printing a $, signaling that it is ready to accept

commands.

BUILD uses a keyboard monitor similar to that contained in

the OS/8 system. Text is input from the terminal and interpreted

by BUILD. Table 2-10 lists the special characters that are available

for editing.

Table 2-10 BUILD Editing Characters -

Character Function

ALT MODE key Terminate command; begin command ex-

ecution. No carriage return/ line feed is gen-

erated.

CARRIAGE RETURN Terminate command; begin command ex-

ecution. Also generate carriage return/ line

feed combination.

CTRL/C Terminate command; return immediately to

the OS/ 8 Keyboard Monitor.

CTRL/O Terminate printing; return control to BUILD.

CTRL/U Ignore line; the line may be typed again.

LINE FEED key Examine contents of the command lme.

RUBOUT key Delete the last typed character from the

command.

The standard characters permitted in a BUILD command line

are:

A-Z, 0-9, SPACE, PERIOD, =, COMMA, COLON, HYPHEN
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Typing any other character causes the error message:

SYNTAX ERROR

BUILD Commands
The commands available in BUILD are:

ALTER
BOOT
BUILD
CORE
CTL
DCB
DELETE
DSK
EXAMINE
INSERT
LOAD
NAME
PRINT
QLIST
REPLACE
SYSTEM
UNLOAD
VERSION

The general format of the command string is:

$command args

where command represents a legal command from the list and
args represents a file name, device, group name, or other argu-
ment associated with the command. The command can be typed in

full or abbreviated to the first two characters. For example:

SPRINT
$PR

are the same. If the user attempts to issue an illegal command.
BUILD replies by printing the illegal command preceded by a ?.

Thus the illegal command ERASE would appear:
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SERASE
?ERASE
£

THE HYPHEN CONSTRUCTION
Certain BUILD commands (DELETE, INSERT, REPLACE)

allow the use of the hyphen construction to specify more than one

permanent name. These permanent names must be four characters

long and must differ only in the last character. Permanent names

which meet this restriction can be inserted with the hyphen con-

struction so long as the last characters form a sequence of consecu-

tive ASCII characters.

For example, if the user wishes to delete DECtape handlers

DTAO, DTA1 , DTA2, and DTA3 , he can type:

SDELETE DTA0, DTA1., DTA2* DTA3

or he can use the hyphen construction and type:

$DELETE DTA0-3

PRINT
Syntax: SPRINT or $PR
Function: Prints the detailed list of the BUILD devices tables.

The following example shows five handlers.

*RKB0

*PTP

Group names are printed first in each line followed by a colon.

Following the group name are the list of permanent names available

with each group. If one of the permanent names in a group is SYS,

then this handler can be a system handler. An OS/8 system must

have just one system handler. Some system handlers have other

handlers coresident with them.

Any handler that is active is marked with an asterisk to the

left of its permanent name (RKBO, TTY, PTP in the printout), and

the devices will be included in the new OS/8 system, (i.e., these

handlers were inserted with the INSERT, SYS, or REPLACE
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commands. Other commands are available for removing, loading,

and deactivating handlers.) The preceding printout indicates that

RK8E is the system device. The handler RK8E:RKB0 is also

marked as being active.

After printing the list of available handlers, the PRINT com-
mand might also print some additional information. If, for example,
the user specified RK8E:RKB0 with the DSK command, the fol-

lowing is printed:

DSK = RK8E:RKB0

If the user specified that core is to be restricted to 12K with the

CORE command, the messatttv

C0RE=2

is printed, indicating that field 2 is to be the. highest core field

available to the OS/8 system.

QLIST
Syntax: $QLIST or $QL
Function: List the active permanent names on the system. No *

is printed and the system device is the only group name printed.

For example:

SOLI ST
PTR DTA3 RK08:SYS LPT DTA4

LOAD
Syntax: $LOAD activename or $LOAD dev:filename

Function: LOAD is used to load a new device handler into

BUILD. This handler can be one supplied by Digital or one writ-

ten by the user. See the OS/8 Software Support Manual (DEC-
S8-OSSMB-A-D) for instructions on writing device handlers. This

handler is input into BUILD as a binary file or image.

If BUILD is being run stand-alone, e.g., to create an initial OS/8
system, the LOAD command has the form:

$LOAD activename
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where activename is the permanent name of an input device han-

dler that has been made active with the INSERT, REPLACE, or

SYSTEM command. It must be a handler for a non-file structured

device. For example, to load a new handler from a binary paper

tape with the PTR handler already in BUILD, type:

SLOAD PTR

IF BUILD is being run under control of OS/8, the LOAD com-

mand has the form:

$LOAD dev:filename

where dev is an input device handler that exists in the current OS/8

system. (These are not the same as the handlers which are marked

active by BUILD.) If no dev: is specified, DSK: is assumed.

If dev: is non-file structured (i.e., paper tape), the filename may

be omitted. The filename has the form-

name, extension

Filename is the binary file of the new handler to be loaded,. The

default extension is .BN. If no extension is used, the dot (.) may

be omitted.

Example:

$LOAD DTA3 :HANDLR.03 A file named HANDLR, with an

extension of 03 is loaded from

DTA3.

Several files to be loaded may be specified on one line, sepa-

rated by commas. A device must be specified for each file or DSK
will be assumed. If multiple files are specified, each file must con-

tain a separate handler to be loaded. For example:

SLOAD DTA3: FILE1,DTA5: FILE2

Once the LOAD command has been successfully issued, the new

device handlers are available for further manipulation. The new

handlers will appear in the PRINT output, but will not be marked

as active. .
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INSERT
Syntax: SINSERT gname, pname
Function: After a LOAD command has made a handler or

group of handlers available for insertion in the OS/8 system, the

INSERT command is used to make particular entry points active.

The INSERT command uses two arguments; gname and pname.
Gname is the group name of the handler, for example, the gname
for TC08 DECtape is TC. Pname is the permanent name by which
the device is currently known to BUILD. See Table 2-9 for a com-
plete list of permanent device names. TC08 DECtape thus has the

group name TC and the permanent names DTA0-DTA7.
Examples:

SIN KL8E, TTY
SIN TC08,SYS

If no permanent name is specified (and no :), the first name in

the device group is assumed. For example:

SINSERT TC

would assign DTAO as the permanent name.
Several handlers in the same group can be inserted in the same

command by separating the permanent names with commas. For
example:

SIN TC, DTA0, DTA3, DTA7

If several permanent names (each four characters long) differ

only in the last character, they can be simultaneously inserted with

the hyphen construction so long as the last characters form a

sequence of consecutive ASCII characters.

Example:

SINSERT TC, DTA2-5

is the same as

SINSERT TC, DTA2, DTA3, DTA4, DTA5
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and

SINSERT RK01*RKA0-2

is the same as

SINSERT RK01,RKA0, RKA1* RKA2

If the permanent name specified is not part of the group name

specified or if the group name does not exist, the following message

is printed:

name NOT FOUND

If disk is the device being inserted, the group name can be fol-

lowed by a construction of the form:

pname=n

Where n is a digit in the range 1 to 7 and represents the number

of platters available. This option is used for the RF08 and DF32

disks. For example:

SIN RF, RF=2

If no such option is specified, =1 is assumed. If n is too large for

the device specified, the following message is printed:

?PLAT

DELETE
* Syntax: $DELETE aname

Function: DELETE takes a device which is currently marked

as active and makes it inactive. (Devices which are active are

marked with an * in the PRINT command output and are printed

by the QLIST command.)

The argument for DELETE is the permanent name of the device.

The current permanent name can be obtained from the PRINT or

QLIST output. The major function of DELETE is make device

slots available to BUILD.
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For example, assume that the QLIST command output is:

DTA0 DTAl RK8E:SYS RKB0 TTY LPT CSA0 CSA1 CSA2 CSA3

If the following command is issued to BUILD:

SDELETE CSA0, CSA1 , CSA2, CSA3

CSAO, CSA1, CSA2, and CSA3 will no longer be permanent
devices and the slots used by the TA8A and TA8B device groups

will be made available to BUILD. The QLIST output after the

above command will be:

DTA0 DTAl RK8E:SYS RKB0 TTY LPT

Note that, as previously explained, the hyphen construction can

be used in DELETE to remove a sequence of devices. Thus the

command to make the cassette handlers inactive could also be
typed as follows:

SDELETE CSA0-3

REPLACE
Syntax: $REPLACE pname=gname, pname2
Function: REPLACE combines the functions of DELETE and

INSERT to provide a means of deleting one device and activating

another in a single step. The arguments for REPLACE are:

pname The permanent name of the device to be der

leted. (Same as are argument of the DELETE
command.)

gname, pname2 The group name and permanent name of the

particular device to be inserted into the system

(see INSERT for more details).

Example: Assume the PRINT output is:

PT8E: *PTP *PTR
CR8E: *CDR
RK05: RKA0 RKB0 RKA1 RKB1
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REPLACE can be used to delete the card reader (CDR) and insert

the RK05 group handler for RKAO:

SREPLACE CDR=RK05, RKA0

The output of PRINT after this REPLACE is:

PT8E: *PTP *PTR
CR8E: CDS
RK05: *RKA0 RKB0 RKA1 RKB1

The hyphen construction can be used with REPLACE to delete

and insert more than one device handler. For example, assume

that LINCtape handlers LTAO, LTA1, LTA2, and LTA5 are to

be replaced with DECtape handlers DTAO, DTA1, DTA2, and

DTA5. This replacement could be accomplished with the com-

mand:

SREPLACE LTA0-2,LTA5=TC, DTA0- 2, DTAS

UNLOAD
Syntax: $UNLOAD gname, or SUNLOAD gname, pname

Function: UNLOAD is used to physically delete a handler group

(gname) or a permanent name (pname) from the BUILD system.

(This differs from DELETE, which does not physically eliminate

a device.) UNLOAD is primarily used when the NO ROOM error

occurs during a LOAD command.

For example, assume that the entire group of LINCtape han-

dlers is to be removed. The command is typed as:

SUNLOAD LNC

This command unloads the LINCtape handler LNC and all per-

manent names (LTAO, LTAl, LTA2, LTA3, etc.) associated with

it.

To remove a particular permanent name - from BUILD, e.g.,

DTA3, type:

SUNLOAD TC, DTA3
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This command does not unload the handler, just the entry point

name.

To remove several permanent names, but not the entire group,

the UNLOAD command is used with commas separating the per-

manent names. For example:

SUNLOAD TC, DTA0, DTA2

The hyphen construction cannot be used with the UNLOAD
command.

NAME
Syntax: $NAME pname=pname2
Function: The NAME command allows the user to alter the

device name which will be used by OS/8. The first argument,

pname, must be the current name of a device marked active in

the PRINT output. Pname2 is the name the user wishes to call

this device. Only 4-character device names may be used in the

NAME command. If longer names are entered, all characters be-

yond the first four are ignored. After the NAME command is used,

pname2 is the current permanent name; pname is unknown to

BUILD.
Example: Assume that the PRINT output is:

TC : + DTA0 *DTA1 DTA2 DTA3
RK8E: *SYS *RKB0

To change the paper tape reader so that it is recognized by the

permanent name READ, the following command is used:

SNAME PTR=READ

The output from PRINT would then be:

TC : *DTA0 *DTA1 DTA2 DTA3
RK8E: *SYS +RKB0
KK8E: *TTY
PT8E: *PTP +READ
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If the permanent name specified as pname is not a currently

active device, the message:

pname NOT FOUND

is printed. If this message appears, check the PRINT output to

determine the correct permanent name.

ALTER
Syntax: SALTER gname, loc=newvalue

Function: The ALTER command allows the user to change

locations in device handlers. The arguments are:

gname Group name of the handler.

loc Relative octal location to be altered. If the han-

dler is a 1-page handler, loc must be an octal

number in the range 0-0177. If it is a 2-page

handler, loc must be an octal number in the

range 0-0377.

newvalue An octal number specifying the new contents of

the location specified by loc. If no =newvalue

is entered, BUILD prints the old value of loc

followed by a slash. Newvalue can then Be en-

tered or a carriage return can be typed to retain

the old value.

EXAMINE*
Syntax:$EXAMINE gname, loc

Function: EXAMINE allows the user to examine, but not

modify, a location within a device handler. See the ALTER com-

mand.

DSK
Syntax: $DSK=gname, pname or $DSK=aname

Function: The DSK command is used to specify which device

is to be designated as DSK, the default storage device for OS/8. If

the first form of the command is used, i.e.,

$DSK=gname,pname

the gname is the group name of the device and pname is the per-

manent name. For example:

$DSK=TC08:DTA0

2-49



assigns DTAO as the device called DSK.
When the DSK command is issued, the permanent name need

not have been entered. However, the permanent name must be
entered, via an INSERT, REPLACE, or SYSTEM command be-
fore the BOOT command is issued.

If the second form of the command is used, i.e.,

$DSK=aname

aname must be a permanent name marked as active by BUILD.
For example, the following command specifies the already active

device RKAO as the default device DSK:

If no DSK command is entered, or if the command is issued

without an argument, i.e.,

$DSK =

or

$DSK

BUILD specifies SYS as DSK when a BOOT command is issued:

CORE
Syntax: $CORE n
Function: The CORE command is used to specify the highest

core field available to the OS/8 system being built. The n is

an octal number in the range to 7. If n is or omitted, or if the

CORE command is not used, the system built will use all of the

available core. If n specifies more core than is physically available,

the following message is printed:

?CORE

2-50



The following table indicates the value of n for the available

core sizes:

n core

all available core

1 8K
2 12K
3 16K
4 20K
5 24K
6 28K
7 32K

For example, a system which is to use only 24K of a 32K system
would have the following CORE command:

SCORE 5

DCB
Syntax: $DCB aname or $DCBaname=newvalue
Function: The DCB command allows examination or modifica-

tion of the DCB word associated with a permanent name. (See the

section on BUILD Device Handler Formats for information on
DCB words.

The DCB word is the first word after the permanent name in a

description (from the handler header information words). Aname
must be the permanent name of a device currently marked as active

in the PRINT output.

Example:

SDCB DTA4-6160

changes the DCB of DTA4 so that this handler becomes a read-
only device. This command could also be typed as:

SDCB DTA4
4160/6160

CTL
Syntax: $CTL aname=loc
Function: The CTL command allows modification of the control
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word which is the word after the DCB word in the handler header

block. For example:

SCTL LTA3=24

changes the entry point of the LTA3 handler to be relative loca-

tion 24.

VERSION
Syntax: $VERSION or $VE
Function: The VERSION command prints the version number

of BUILD on the terminal.

SYSTEM
Syntax: $SYSTEM sname=n

Function: The SYSTEM command specifies devices which are

system handlers or coresident with system handlers. The number

n reflects the number of platters included in the system device

(valid only for multiple platter RF08 and DF32 disks). The avail-

able system handlers and their associated values for n are listed

in Table 1-6). The argument sname must be one of the legal device

system names, If it is not, BUILD prints:

?SYS

thus requesting a new system specification.

Action is not taken on the SYSTEM command untif the BOOT-

STRAP command is given, so the user may respecify a device

with SYS. The system device used is the last one issued prior to

the BOOT command. Specifying a new system device is not always

necessary. For example, if the user wishes to insert new peripheral

handlers, then this command is not needed. If it is not issued, the

OS/8 system which is resident is not affected beyond altering the

device tables.

The SYSTEM command is included only for compatibility with

older versions of BUILD. The system device can be specified with

the INSERT command. For example, the command:

SSYS RF08=2
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is the same as the command:

SINSERT RF08*SYS=2

If the device specified in the SYS command is not the current

system device, the user will have an opportunity to have a zero

directory placed on his new system device. If the system device

is the same as the current system device, no new directory will be

written.

BUILD
Syntax: $BUILD or $BU
Function: The BUILD command is used only when building an

initial OS/8 system from cassettes or paper tape. When the BUILD
command is typed, BUILD prints:

LOAD OS/8:

to which the user must respond with the device that contains the

new OS/8 monitor, e.g.,

LOAD OS/8: CSA0

BUILD then loads and writes the various parts of OS/8 onto the

system device. After writing OS/8, BUILD prints:

LOAD CD:

to which the user responds with the appropriate device, or types

carriage return to specify that the device is the same as that specified

in the LOAD OS/ 8: message. BUILD loads the Command Decoder

and writes it onto the system device.

The BUILD command must not be used at any time other than

while building an initial OS/8 system. When this command is typed,

OS/8 assumes that the user is building a new OS/8 system and

automatically zeroes the system device directory. See Getting On
Line With OS/8 in Chapter 1 for instructions on building an initial

system.
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BOOTSTRAP
Syntax: $BOOTSTRAP or $BO
Function: BOOTSTRAP is the command which finally imple-

ments all the changes that have been made using BUILD. BOOT
rewrites all relevant Monitor tables and device handlers to reflect

the updated system status. The devices which BUILD had marked
active now become device handlers in the system.

When a BOOTSTRAP command is typed, the system device

must have been explicitly specified with either the SYSTEM or

INSERT command. If no SYS is specified, the message:

SYS NOT FOUND

is printed.

If the system device specified is different from the current system

device, BUILD copies the system irom the current system device to

the new system device. After the copy is complete, BUILD asks:

WRITE ZERO DIRECT?

to determine whether a new (zero) directory is to be written on the

new system device. If the reply is YES, a zero directory will be

placed on the device. Any other reply causes the old directory to be

retained.

NOTE
Care should be exercised if the old directory

is to be retained. The directory must be that

of an OS/8 system device.

After this question has been answered, BUILD updates the system

and prints:

SYS BUILT

Control returns to the Keyboard Monitor. When the BOOT-
STRAP command has performed its functions and the Keyboard

Monitor is once again active, it is a good idea to save the copy of

BUILD just used. In this way, an image of the current system

status is preserved, and the saved copy of BUILD can be used
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again. When it is used again, the devices which were initially

marked active are still marked active. To save BUILD, type:

.SAVE SYS BUILD

in response to the dot printed by the Keyboard Monitor. This as-

sumes that the user originally loaded BUILD into core with a RU
or RUN command.

BUILD Error Messages

The following is a list of error messages which may appear when
using BUILD. These messages are usually indicative of a syntax or
user error.

Table 2-11 BUILD Error Messages

Message

7BADARG

?BAD INPUT

?BAD LOAD

?BAD ORIGIN

?CORE

?DSK *

?HANDLERS

I/O ERR

?NAME

NO ROOM

Explanation

No device name was included in the LOAD
command.
An error was detected in the binary file; it is

not a proper input for the LOAD command.
An attempt was made to load a binary handler
that is not in the correct format.

The origin in a binary file is not in the range
200-577.

A CORE command specified more memory
than is physically available, or the BOOT com-
mand was issued on an 8K system with a 2-

page system handler active. Two page system
handlers require at least 12K of core to be
present on the OS/ 8 system.

The device specified in a DSK command is not
a file-structured device.

More than 15 handlers, including SYS and
DSK, were active when a BOOT command was
issued.

An error occurred while reading from an input
device during a LOAD command.
A device or file name was not designated in a
command that requires one to be present.

Too many device handlers were present on the
system when a LOAD or BUILD command was
typed. The UNLOAD command must be used
to remove a handler before another can be
loaded.

2-55



Table 2-11 BUILD Error Messages (Cont)

Message Explanation

name NOT FOUND

?PLAT

7SYNTAX

?SYS

SYS ERR

SYS NOT FOUND

The device or file name designated in the com-

mand was not found.

The =n in a SYS command is too large for the

device specified, e.g., RF08=5.
An illegal character was typed in a BUILD
command line. The line must be retyped.

This message appears when one of the follow-

ing conditions exists.

a. A permanent name in a SYS command was

not a system handler or coresident with one.

b. A BOOT command was issued when two or

more system handlers were active.

c. A BOOT command was issued when an ac-

tive handler which must be coresident with a

SYS handler did not have the system handler

active.

An I/O error occurred with a system handler.

The computer halts. Press CONT to retry or

restart the BUILD procedure from the begin-

ning. Do not assume that a valid OS/ 8 system

remains in core.

No active handler with the name SYS was pres-

ent when a BOOTSTRAP command was issued.

BUILD Device Handler Format

The BUILD command LOAD is used to load device handlers

not provided by BUILD into core where they can be inserted into

the OS/8 system. The format of the input to LOAD is a binary file

containing the handler, as well as a header block which contains

information pertaining to the devices included in that file. The user

should code the handler in PAL8 machine language according to

the following format.

The structure of the source for a BUILD device handler is:

*0

HEADER BLOCK
*200

BODY OF DEVICE
HANDLER

2-56



The origins at and 200 are vital to BUILD. The *0 is an im-

portant part of the, header block and, if it is omitted, no load is

done. The *200 is also necessary for the load. If the handler con-

tains an origin outside the range 200-577, an error message is

generated and the load is aborted.

HEADER BLOCK
The header block contains the following information:

Word 1

:

Words 2-9:

Words 10-17:

-X, where X is the number of separate handlers

contained in this file. Thus a handler for TC08
has the first word equal to — 10 (octal).

Descriptor block for the first handler in the

group.

Description block for second handler in the

group.

Descriptor block for second handler in the

group. If the handler is a system handler, this

is followed by the length of the bootstrap and

the bootstrap itself.

Thus, each handler in the group must have an 8-word block

describing its characteristics. . If more than 12 handlers are in a

group, an error is generated during the LOAD.

DESCRIPTOR BLOCK
Each 8-word descriptor block contains the following information.

Words 1,2: Device type name. This name is the group

name, or type, of all the handlers in this group

and is usually designated by the DEVICE
pseudo-op.

Example: DEVICE RK8
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Words 3,4:

Word 5:

Word 6:

Word 7:

Word 8:

OS/8 device name. This is the name (perma-

nent name) by which the particular device will

be recognized in the OS/8 system to be con-

figured. It can be altered by the NAME com-

mand.

Example: DEVICE RKAO

Device Control Block. This word reflects the

type of device, in accordance with Table 2-12.

Bits 9-11 specify the maximum number of plat-

ters on the device (0=1).

Example: 4050

Entry _point word. This word must contain the

entry point offset in bits 5-11 (see ENTRY
POINT OFFSET). Bit should be a 1 if the

handler is a 2-page handler. Bit 1 should be a

1 if the entry point is SYS. Bit 2 should be a

1 if the entry point is coresident with SYS.

Example: 0020

Must be 0.

Must be 0, except for a system handler which

uses it to specify the block length of the device.

As an example, consider the handler for the nonsystem RK05
handlers. This file contains four separate handlers; the source code

would appear as follows:

*0

-4 /4 DEVICES

DEVICE RK05; DEVICE RKAO; 4050; 0020; ZBLOCK 2

DEVICE RK05; DEVICE RKB0; 4050; 0021; ZBLOCK 2

DEVICE RK05; DEVICE RKA1; 4050; 0022; ZBLOCK 2

DEVICE RK05; DEVICE RKB1; 4050; 0023; ZBLOCK 2

*200

(HANDLER BODY)

2-58



The device type of the group is RK05 (Words 1-2). The perma-
nent device names are RKAO, RKBO, RKA1, RKB1. Since each
device is RK05, the device control block (DCB) word for each is

identical.

The entry point word indicates where the entry point for that
particular device occurs relative to the top of the page. Thus, in the
above example, RKAO enters at the 20th location from the top of
the page, RKBO at the 21st, etc.

It is vital that this information be accurate. If errors are made in
this data, unpredictable results occur when the system is generated.

BREAKDOWN OF DCB WORD
The DCB word for a device provides specific information which

is used in the OS/8 Monitor. Its structure is detailed in Table 2-12.

Table 2-12 DCB Word

Bit Meaning

1 if file-structured device

1 1 if read-only device (e.g., PTR)

2 1 if write-only device (e.g., LPT)

Device Type

3-8 00 — console terminal

01 = high-speed paper tape reader
02 = high-speed paper tape punch
03 = card reader

04 = line printer

05 = RK8Disk
06 = RF08 (1 platter)

07 = RF08 (2 platter)

10 = RF08 (3 platter)

11 =RF08 (4 platter)

12 = DF32 (1 platter)

13 = DF32 (2 platter)

14 = DF32 (3 platter)

15 = DF32 (4 platter)

16 = TC08 DECtape
17 = LINCtape
20= TM8E magnetic tape

21 = TD8E DECtape
22 = BAT—BATCH handler

23 = RK8Edisk
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Table 2-12 DCB Word (Cont)

git Meaning

24 = NULL—NULL handler

25-26 = Unused
27= TA8E cassettes

30 = PDP-12 scope

31-37 = Unused by Digital

40-77 = Reserved for user-written handlers

941 Used only by OS/ 8 Monitor

Whenever a device is to be inserted into OS/ 8, this structure

must be followed to obtain correct results.

ENTRY POINT OFFSET
Word 6 of each device descriptor block specifies the relative

entry point of that particular handler. Devices supplied by Digital

have a fixed set of entry points, described below.

Care should be used when coding new device handlers for in-

sertion into the system. The entry point offset for the new handler

must not be the same as that for any other file-structured device in

the system. For example, OS/8 currently uses relative entry points

7-23 for file structured devices. No new handler should have entry

points at 7 to 23 of the page. If this occurs, the system may perform

incorrectly.

Current file device and entry point offsets are listed below:

DeviCe Entry Relative to Top of Page

TC08 DECtape 10"17

TD8E DECtape 10"17

LINCtape 10"17

System device 7

RK8 disk
20_23

Thus, the user-coded file devices should use entry points other

than 7-23.
.

If a new file-structured user device is added to the system, it will

be necessary to alter the device length table in PIP to permit zeroing

of the device directory. To do this, ODT is used as follows:
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GET SYS PIP

.ODT
136nn/0000xxxx

tC user types CTRL/C
.SAVE SYS PIP

The nn represents the 2-digit device indicated in Table 2-12.

The xxxx is the negative of the last block number on the device.

Both nn and xxxx are octal numbers.

For example, if the new device is assigned a code of 40 (cur-

rently the first unused entry), and the last OS/8 block on the device

was block 1000, PIP would be changed as follows:

.GET SYS PIP

.ODT
13640/0000 7 000
tC
.SAVE SYS PIP
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CAMP (CASSETTE AND MAGNETIC TAPE POSITIONER)
The CAMP (Cassette and Magnetic Tape Positioner) program

is used to position cassettes, magnetic tapes, and certain other
devices. To call CAMP from the system device, type:

R CAMP

in response to the dot printed by the Keyboard Monitor. CAMP
prints a # to indicate that it is ready to receive a command. The
command line entered may be terminated with a carriage return
(CAMP retains control) or an ALTMODE (control returns to

the Keyboard Monitor).

CAMP Commands
Each CAMP command begins with a keyword, consisting of

two or more letters. The full CAMP command need not be typed;
each command has letters that are required. The CAMP com-
mands are listed below in alphabetic order. Letters that are not
required are printed in italics.

BACKSPACE
EOF
HELP
REWIND
SKIP

UNLOAD
VERSION

BACKSPACE COMMAND
The BACKSPACE command spaces a magnetic tape or cas-

sette backward a specified number of files or records. This com-
mand may also be issued indirectly with the CCL BACKSPACE
command. (See the CCL section of Chapter 1.)

The BACKSPACE command has the form:

r> a a I
RecordsBA dev: nnnn { _.,

)
Files

Where "dev" is the permanent name of a cassette or magnetic
tape drive. The "nnnn" is an unsigned decimal number represent-

ing the number of records or files to backspace. This number must
be in the range 0-4095. If no number is entered, nnnn=l is as-

sumed. This number is followed by a keyword beginning with
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either an R, indicating records, or an F indicating files. If neither

F nor R is entered, F is assumed.

Examples:

#BA CSA0: 2 F

positions the cassette mounted on CSAO backward two files.

#BA MTAl:

positions the magnetic tape mounted on MTAl backward two files.

If a file mark is read before the proper number of records have
been spaced over, the message:

% CAN'T - AT BOF

is printed and the device is moved forward one record to leave the

device positioned at the beginning of the file (just before a data
record).

The file at which the device is currently positioned is not counted
when an attempt is made to backspace a number of files. For ex-
ample, the command :„

#BA MTAl: 3 F

moves backward over four file marks and then moves forward one
record, leaving the tape positioned at the beginning of the file. If

nnnn=0, this command backspaces to the beginning of the file at

which the tape is currently positioned.

EOF COMMAND
The EOF command writes a single file mark (file gap) on the

specified magnetic tape or cassette. This command may also be
issued indirectly with the GCL EOF command.

The EOF command has the form

:

EOF dev:

where "dev" is the permanent name of a cassette or magnetic tape
drive.
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Example:

#EOF CSAl:

HELP COMMAND
The HELP command prints a short message on the console

terminal, reminding the user of the CAMP command syntax. This

command is of the form

:

#HELP

REWIND COMMAND
The REWIND command issues a rewind command to one of the

following OS/8 device controllers: cassette, magnetic tape, or

TC08DECtape.
The REWIND command is of the form:

REWIND dev:

where "dev:" can be any OS/ 8 file-structured device. If "dev" is a

cassette, control returns to CAMP while the cassette is rewinding:

CAMP prints another #, indicating that it is ready to receive an-

other command. If "dev" is magnetic tape or. TC08 DECtape, the

device rewinds immediately and control returns to the OS/8 Key-

board Monitor while the device is rewinding. If a REWIND com-

mand is issued to any other OS/8 device (e.g., LINCtape), control

returns to CAMP after the device is rewound.

Example:

#RE DTAl:

SKIP COMMAND
The SKIP command advances over the number of files or records

specified on a magnetic tape. This command may also be issued

indirectly with the CCL SKIP command. The SKIP command is not

implemented for cassettes

.

The SKIP command has the form:

innnn
Records

Files

EOD
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where MTAn may be any magnetic tape drive, depending upon the

nnmber of magnetic tape drives on the. OS/8 system IT* nnnn

isTn unsigned decimal number representing the number of files or

ecords to be advanced over. This number must be m the range

0-4095 EOD indicates that the tape is to be advanced to the end

of data.' The end of data on a magnetic tape is a point between two

file marks. If EOD is specified, the tape must be rewound be o

issuing the command if it is already past the end of data. If neither

"nhnn" nor EOD is specified, nnnn=l is assumed.
_

Ta number is specified, it may be followed by a keyword be- .

ginning with either an R, indicating records, or an F, indicating

files. If neither F nor R is entered, F is assumed.

Examples:

#SKIP MTA0S 2 RECORDS

advances the magnetic tape on MTAO forward two records.

#SKIP MTAl: 6 F

advances the magnetic tape on MTAl^^^. haye
If a file mark is read before the proper number of records have

been advanced over, the warning message
:

-

% CAN'T - AT EOF

is printed and the tape is moved backward one record to position

heTpe at the end of the file (just after the last data record but

before the file mark). If nnnn=0, nnnn=l is assumed when skip-

P
The'fiktt which the tape is currently positioned is counted when

an attempt is made to advance over a number of files Thus nnnn-1

means to advance to the beginning of the next file If nnnn s

greater than 0, the tape is positioned at the beginning of 1
1
file (jus

after a file mark but before any data records) .
If nnnn-0, the tape

is advanced to the end of the file at which it is currently positioned

(before a file mark, but after all data records)

.

If the end of data is encountered before the specified number of

files have been skipped, the warning message:
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% CAN'T - AT EOD

is printed and the tape is positioned at the end of data. If a tape is
already positioned at the end of data, the SKIP command produces
meaningless results.

UNLOAD COMMAND
The UNLOAD command rewinds and turns off line a magnetic

ape controller and returns to CAMP for another command while
the tape rewinds. Since the magnetic tape is turned off line, it mustbe manually turned on line to be used after a UNLOAD command.

TJf HS;?
AD c

<f
ma°d may also be used to unload TC08 and

TTMT nfn
PeS

°^
°f thdr reels

"
When used on DECtapes, theUNLOAD command rewinds the nprton. ~„ *u„ .._•. _ .„ ,

selects a different unit, and returns control to CAMP for anothercommand. This DECtape unit cannot be used until another legalcommand e.g., the Keyboard Monitor ASSIGN command, is issued
to the DECtape controller.

RK8E dysk

L°AD
°0mmand Can a,so be used to write-lock an

The UNLOAD command is of the form :

#UNLOAD dev:

where "dev" may be any one of the following:
magnetic tape

TC08 DECtape
TD8E DECtape
RK8E disk

VERSION COMMAND
The VERSION command prints the version number of CAMP

on the terminal. This command is of the form:

#VERSI ON

CAMP Errer Message Summary

™/D
err°r mCSSageS Hsted in Table 2"13 may aPPear during aCAMP operation.
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Table 2-13 CAMP Error Messages

Messages Explanation

% CAN'T—AT BOF

? CAN'T—AT BOT

% CAN'T—AT EOD

% CAN'T—AT EOF

? CAN'T—DEVICE DOESN'T EXIST

? CAN'T—DEVICE IS READ-ONLY

? CAN'T—DEVICE IS WRITE-ONLY

? CAN'T FOR THIS DEVICE

A file mark was read before

the specified number of rec-

ords were read over in a

BACKSPACE command.
The device is moved for-

ward so that it is positioned

at the beginning of the file.

A BACKSPACE command
cannot move the device

backward the specified

number of files because the

device is positioned at the

beginning of the first file.

The specified number of

files cannot be advanced

over because the end of

data was encountered. -The

tape is positioned at the

end of data.

A file mark was read be-

fore the specified number
of records were advanced

over in a SKIP command.
The tape is moved back-

ward one record to leave it

positioned at the end of the

file.

The device specified in a

CAMP command is not

present on the OS/ 8 sys-

tem.

The device specified in a

CAMP command is a read-

only device, e.g., PTR.

The device specified in a

CAMP command is a

write-only device, e.g.,

TTY.

The operation specified

does not make sense for the

device specified, e.g., RE-
WIND LPT:.
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Table 2-13 CAMP Error Messages (Cont.)

Messages Explanation

? CAN'T I/O ERROR This message is followed by
a brief explanation of the

input/ output error that oc-

curred.

? NUMBER TOO BIG The "nnnn" specified in a

BACKSPACE or SKIP
command is greater than

4095.

? SYNTAX ERROR An illegal character was

typed in a CAMP com-

mand or a command was

formatted incorrectly. Tne
command must be retyped.
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CROSS-REFERENCE PROGRAM (CREF)
CREF aids the programmer in writing, debugging and maintain-

ing assembly language programs by providing the ability to pin-
point all references to a particular symbol. CREF operates on
output from either the PAL8, SABR, or RALF assembler.

Calling and Using CREF
To call CREF from the system device, type

R CREF

in response to the dot printed by the Keyboard Monitor. The
Command Decoder is loaded and replies by printing- an asterisk
at the left margin. Tlje user enters one output file specification and
one input file specification.

NOTE
The input to CREF must be the listing pass
output from either the PAL8, SABR, or
RALF assembler. If this is not the case,

CREF will not operate properly.

If no output file is specified, CREF assumes the output is to be
sent to the line printer. If no input file extension or output file

extension is specified, the extension .LS is assumed. If no input file

is specified, control returns to the Command Decoder until an in-
put file is specified. The CREF version number is printed at the
end of the CREF table in the form Vn, where n is the current
version number.

CREF OPTIONS
The following options are available to the user. The option is

placed in the command string, along with the file specifications.

Table 2-14 CREF Options

Option Code Meaning

/P Disable pass one listing output. The output is re-
enabled when $ (or END if SABR code) is en-
countered. Thus the $ (END) and symbol table
are printed if the /P option is used. Inoperable
for RALF output.

/U Disable pass one listing output and the symbol
table. Inoperable for RALF output.
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Table 2-14 CREF Options (Cont.)

Option Code Meaning

/r Interpret input as RALF code.

/q Interpret input as SABR code. Signal CREF to

accept special SABR characters. If the /Q option

is used, the /X option is forced on.

/X Do not process literals. For programs with too

many symbols and literals for CREF, this option

may create enough space for CREF to operate.

m Do not eliminate the file CREFLS.TM. If the /E

option is not specified, and CREF was chained

to from FAL8, the file CREFLS.TM is eliminated.

/M Cross-reference mammoth files in two major

passes. Pass one processes the symbols from A
through LGnnnn; pass two processes the symbols

from LHnnnn through Z and literals. This permits

significantly large files to be cross-referenced. If

the /M option is used, the file CREF.SV must be

on the system device.

EXAMPLES OF CREF USAGE
Examples of calling and using CREF are given below.

Example 1:

.A CS£F
*PTEMP

The Command Decoder prints an *, CREF assigns LPT: as the

output device. The input file is PTEMP, assumed to be on device

SYS, with the extension .LS. If the file SYS:PTEMP.LS is not

found, a search for SYS:PTEMP is attempted.
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Example 2:

.* CREF
*S8RLS/R

Given to the Command Decoder, this command string causes
output to be sent to the line printer. The input is expected to be
a SABR listing file named SBRLS.LS or SBRLS from device
SYS:.

Example 3:

.<? CREF
*otai:list<dta3:palist/x

This command string causes output to be sent to DECtape unit

1, as a file named LIST.LS. Input is expected to be a PAL8 list-

ing file called PALIST.LS or PALIST. No literals appear in the

CREF output table.

Example 4:

.R CREF
*DTA2:LIST<SYS:BIGLST

The source listing, symbol table, and cross-reference of symbols
in the file BIGLST or BIGLST.LS on SYS is in the file LIST.LS
on DTA2. To list the CREF output the user may now run PIP.SV
as follows:

.R PIP
*LFT:<DTA2:LIST.LS

Pseudo-Op Handling

CREF recognizes certain pseudo-ops of the PAL8 and SABR
assemblers, these certain pseudo-ops cause CREF to perform ac-
tions similar .to those taken by the assembler whose output is

being processed. These pseudo-ops are described below:
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PAL8 Pseudo-Op

EXPUNGE

FIXTAB

TEXT

$

SABR Pseudo-Op

END

OPDEF

SKPDF

Action Taken by CREF

CREF purges its current symbol table of all per-

manent and user-defined symbols. If any literals

were in the symbol table, they are not deleted.

Causes all symbols (except literals) to be marked

as permanent symbols. After a FIXTAB, no ref-

erences will be reported by CREF.

Ignores characters between delimiters.

End-of-input signal.

Action Taken by CREF

End-of-input signal.

Creates a new permanent symbol table, a non-

skip type instruction.

Creates a new permanent symbol table, a skip

type instruction.

NOTE
Symbols entered by OPDEF and SKPDF

are processed by CREF. All references to

these defined symbols are listed. However,

no reference is flagged as a definition (i.e.,

no reference is followed by a # in the CREF

listing).

TEXT Ignores characters between delimiters.

Interpreting CREF Output

The output of CREF consists of two parts. On the first pass

through the input file CREF generates a sequence numbered list-

ing file. The sequence numbers are decimal. The /P and /U

options disable this part of the output.

The cross-reference table appears after the listing. This table

contains every user-defined symbol and literal, sorted alphabetical-

ly. Each literal is indicated by an underline (or back-arrow on

most DEC terminals) and followed by the field and address at

which the literal occurs. For each symbol and literal there appears

a list of numbers specifying the line in which each is referenced.

If CREF finds too many references to fit into core at one time,
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multiple passes are required to process ail symbols. The minimum
number of passes is two. The maximum number of passes depends

on the size of the input file, and the amount of core available.

CREF calculates the number of core fields available.and uses all

available space for reference tables. If there is not enough core

available, three or more passes are required. For example, the

current OS/8 SABR assembler (5518 source lines, 849 symbols)

requires four passes through CREF on an 8K machine.

The following example illustrates a program which has been

assembled with PAL8 and listed with CREF. Form feeds on the

terminal have been converted to a series of carriage return/line

feed combinations and a dotted tear line. Notice that in the CREF
table the line where the symbol is defined is followed by a # .

Symbols defined by OPDEF or SKPDF in SABR, and all literals

do not have a # following them.

/EXAMPLE PROGRAM

EXAMPLE PROGRAM

1

2

3

4

S
6

7

8

9

10
11

12
13
14
15
16
17
IB
19
20
21
22
23
24.

25
26
27
28
29
30
31
32
33
34
35
36

00200
00201
00202
00203
00204
00205
00206
00207
00210
00376
00377

00400
00401
00402
00403
00404
00405
00406
00407

00576
00577
00177

10200
10201
10202
10203
10377

0200
7300
1207
1777'
1177
1376
3777'
5610
0011
0400
0003
0407
0400
1207
1377
1177
1377
3207
6213
5776'
0000
0407
0200
0003
0002
0001
1377
1177
6203
5200
0003

PAL8-V9B 03/05/74 PAGE 1

/ EXAMPLE PROGRAM
/ ILLUSTRATING DETAILS OF LISTING FORMAT
/ USING PAL8 AND CREF
• 200
START,

ADDRP2.

• 400
P2.

LINK,

CLA CLL
TAD A

TAD B

TAD [2

TAD CS
DCA LINK
JMP I AD0RP2
0011
P2

TAD LINK
TAD C3
TAD
TAD
OCA B

CDF CIF
JMP FLD1

B«LINK

10

FIELD 1

FLD1, TAD C3
TAD [2
CIF CDF
JMP START

/CURRENT PAGE SYMBOL
/OFF-PAGE SYMBOL, LINK GENERATED
/PAGE ZERO LITERAL
/CURRENT PAGE LITERAL
/0FF«PAGE SYMBOL, LINK GENERATED
/USER CREATED LINK

/INOIRECT ADORESS

/PAGE 2 START
/NOTE THAT THIS IS A NEW LITERAL
/NOTE THAT THIS IS SAME OLD LITERAL
/SAME AS CURRENT PAGE LITERAL
/CURRENT PAGE SYMBOL
/CHANGE FIELDS
/OFF PAGE SYMBOL, LINK GENERATED

/FIELD 1, DEFAULT TO PAGE 1 *200
/NEW LITERAL, BECAUSE IN PAGE OF NEW FIELD
/CHANGE FIELDS AGAIN
/NO LINK GENERATED, SAME PAGE, OTHER FIELD

10177 0002
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/ EX4MPLE PROGRAM

A 0207
AD0RP2 0213
B 0407
FL01 0200
LINK 0*107

P2 0400
START 0200

ERRORS OETECTEO:
LINKS GENERATEDl 3

A t> 12*
ADDRP2 11 13#
B 7 21
FLOl 23 30*
LINK 10 17
R3 4 1 1 j.

START 5* 33
^00177 e

. 1*
...08376 9
^.00377 ie 20
110177 31
110377 30

PAL8-V9B 03/05/74 PAGE 2

V3

25*

24* 25

Restrictions

CREF has the following restrictions:

1. CREF can handle a maximum of 896 (decimal) symbols in one

major pass. (In 8K, PAL8 is limited to 897 symbols while

SABR is limited to fewer than 800 symbols.) If more than 896

symbols are found, an error message is generated.

2. If any symbol in the input file has more than 2044 (decimal)

references, an error message is generated.

3. If more than 8192 (decimal) source lines are input, sequence

numbers return to 4096, not 0.

4. If the /D option is used in PAL8 (to generate a DDT com-

patible symbol table) and the output listing is put through

CREF, no symbol table listing will appear.

5. Use of semicolons—This is a restriction which, when not ob-

served, could cause errors in the CREF table. It is recom-

mended that the user follow these suggestions when preparing

source files in order to insure a proper CREF listing. Semi-

colons should not be used on lines with pseudo-ops. In parti-

cular, a combination such as the following must not be used:
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*3000
TEST %ERRQR* i TAD [43

gy PR30

In this case, CREF does not process the page zero literal

properly. A literal is generated which is derived from the ex-

panded TEXT message. No error message is generated, but

the literal table entry is meaningless. As a general rule, semi-

colons should not be used as line terminators inside condi-

tional assembly brackets (<»• For example:

F X OR a

IFNZRO £XOR<CLA;TAn 9? HLT \ERRQR>

\THIS IS THE NEXT LINE PAST IFNZRO

The conditional code is not assembled; however, CREF does

not realize this and tries to process the bracketed instructions.

As a result of these semicolons, extra symbols may be pro-

cessed and some valid references missed. However * the code

had been assembled CREF would operate properly. There

are two ways around this:

a. Write straight line code:

EXOR=0
IFNZRO EX0R <

CLA
TAD 8

H|_T ERROR
>

b. Use XLIST around conditional code, in the above example:

TFZFRO EXOR <*LIST> .

IFNZRO EXOR <CLAJTA0 B* HLT\ERR0R>

IFZERQ EXOR <XLIST>

XLIST turns off the listing if the code does not assemble and

turns it back on after the conditional code.

]. Formats—There are several output formats that can be used

in generating a PAL8 listing file:

/T Form feeds converted to carriage return/line feeds.

/H No heading or form feeds generated.

/D DDT compatible symbol table is generated.

For best results with CREF, none of these switches should be
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rpFp
Thi

!
g6nerateS a heading md form feed * the outputCREF automatically converts form feeds to carriage return/

line feeds if output is to the terminal.

7. PAL8 generated links do not cause a reference to a link to be
noted by CREF. Only literals specifically generated with ( and
[ are processed by CREF.

CREF Error Messages

th?r
EF
u
eTTTJe non-recoverable errors, and control returns to"y" Momtor thr°ugh location 07605 (no core saved).

I able 2-15 lists the error messages printed by CREF.

Table 2-15 CREF Error Messages
Error Message

SYM OVERFLOW

ENTER FAILED

OUT DEV FULL

CLOSE FAILED

INPUT ERROR

DEV LPT BAD

2045 REFS

HANDLER FAIL

Meaning

More than 896 (decimal) symbols and literals
were encountered during a major pass.

Entering an output file was unsuccessful—
possibly output was specified to a read only
device.

The output device is full (directory devices
only).

CLOSE on output file failed.

A read from the input device failed.

The default output device, LPT, cannot be
used, as it is not available on this system.

More than 2044 (decimal) references to one
symbol were made.

This is a fatal error on output, and can occur if
either the system device or the selected output
device is WRITE-LOCKed.
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DIRECT
DIRECT is an OS/8 program that produces listings of OS/8

device directories. The directories produced can be of several

varieties, depending upon the options specified in the DIRECT
command line. The standard directory listing consists of the follow-
ing columns: file name, file name extension, length (decimal) in

blocks written, and creation date.

DIRECT supports the wild card construction, using * in place,

of the file name or extension or ? in place of a character. See the
FOTP section of this chapter for a description of wild card
construction.

Calling and Using DIRECT
To call DIRECT from the system device, type:

R DIRECT

in response to the dot printed by the Keyboard Monitor. DIRECT
may also be called via the CCL command DIR (see the CCL sec-

tion in Chapter 1). The Command Decoder prints an asterisk at

the left margin, indicating that it is ready to accept a line of I/O
files and options. One output specification and one to five input

specifications can be entered in a DIRECT command line. The
I/O command line may be terminated with a carriage return
(DIRECT retains control) or with an an ALTMODE (control

returns to the Keyboard Monitor).

The output specification consists of a device upon which the

directory is to be produced, a file name, and a file name extension;

All parts of the output specification are optional, as is the output
specification itself. A file name and extension should be specified

if it is desired to save the directory for listing at a later time. If no
output device is specified, TTY is assumed. If a file name is given
without an extension, the extension .DI is assumed. The wild card
? and * are not permitted in DIRECT output file names or
extensions.

A DIRECT input specification consists of a device, an optional
file name, and an optional extension. The wild card * and ? are
permitted in input specifications. If an input device is specified
with no file name or extension, *.* is assumed. DIRECT deter-
mines which files have the form specified and prints a directory
listing of just those files.
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DIRECT OPTIONS
The following table lists the options that may be used in a

DIRECT I/O specification line. Examples of the use of these

options are shown following Table 2-16.

Table 2-16 DIRECT Options

Option Meaning

/B Include the starting block numbers (octal) for each file in

the directory.

/C List only files with the current date, i.e., the date entered

with the most recent DATE command.

/E Include empty file spaces in the directory listing.

/F List a short form of the directory, omitting file lengths and

dates.

/I List additional information words in octal, other than the

first which is listed as the date.

/L List the standard form of the directory, including file name,

extension, length in blocks, and creation date. The /L

option is assumed if none is specified.

/M List only the empty spaces in the directory.

=n Use n columns in the directory listing. This option allows

the user to specify the number of directory entries per line

of output. The "n" must be in the range to 7. The =n

option is useful when a wide column printer, e.g., 132

columns, is being used.

/O List only files with other than the current date.

/R List the remainder of the files after the first one found.

This option causes DIRECT to find the first file that

matches the specifications given and then list a directory

that includes the first matching file and all files that follow

it on the device. The /C and /O options are still considered

when listing these remaining files. If /R and /V are used

in the same command, only the first file of the form speci-

fied is listed.

/U Treat each input specification separately. The /U option

creates a separate directory listing for each input specifi-

cation.

/V List files not of the form specified.

/W Print the version number of DIRECT.
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DIRECT EXAMPLES
The following are legal command strings to DIRECT and the

resultant DIRECT output. To facilitate understanding of the

DIRECT options, the same device (DTAO) is used for each of the

examples, and the current date is 21-JAN-74.

When DIRECT has completed an operation, control returns to

the Command Decoder for additional input.

Example 1:

This example shows a directory of all the files on DTAO, listed in

two columns on the terminal (TTY).

. R DIRECT
*DTA0:=2

21-JAN-7 4

MTPALA. PA 1 is--JAN-•74 WNTSTA. BA 1 16--JAN-74
MTPALB.PA 1 18--JAN-•1A WNTSTB. BA 1 19--JAN-74
WNTSTC.BA 1 19--JAN-74 WNPALA. PA 1 19--JAN-•74

WNPPPA#PA 1 19--JAN-74 WNTSTD. BA 1 21--JAN-•74

WNPALB.PA 1 21--JAN-74 MTPALC. PA 1 21--JAN-74
WNXX . BA 1 21--JAN-.74 WNXY • BA 1 21--JAN-74

7 18 FREE BLOCKS

Example 2:

This example shows all files that have a file name beginning

with WN, have any file extension, and do not have the current

date. The directory is listed in two columns on TTY.

*DTA0: WN ????.* /0=2

21-JAN-74

WNTSTA. BA 1 18-JAN-74 WNTSTB. BA 1 19-JA.M-74

WNTSTC. BA 1 19-JAN-74 WNPALA. PA 1 19 -J AN- .7 4

WNPPPA. PA 1 19-JAN-74

7 18 FREE BLOCKS

Example 3:

This example shows files that have any file name, have a .BA

extension, and have the current date. The directory is listed in a

single column on TTY.
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*DTA0:*. BA/C

21-JAN-74

WNTSTD.BA 1 21-JAN-74
WNXX . BA 1 21-JAN-74
WNXY . BA 1 21-JAN-74

7 18 FREE BLOCKS

Example 4:

This example demonstrates the use of the /U option to pro-

duce separate directories for each input spcification. The command

specifies that all files beginning with WN and having .BA exten-

nis-hno K*» }\o+£±A &TQt Ct^if^ fVio+ oil fil-ac Kprrimritrinr vm-frlm YX/XT pnrl Tio\nr»<T

.PA extensions be listed next. The short form of the directory is to

be listed on the line printer (LPT) in three columns.

*LP1: <DTA0: WN????.BA, WN????. PA/F/U=3

21-JANJ-74

WNTPTA.bA WNTSTb.BA WNTSTC.BA
WNTSTO.fctA HNXX .BA WNXY ,6A

718 F»EE BLOCKS

21-JAN-74

WNPALA.PA WNPPPA.PA WNPALB.PA

718 FRfcE BLOCKS

Example 5:

This example demonstrates the use of the /V option to print

files not of the form specified and the use of the /O option to

exclude files with the current date. All files except those beginning

with WN are to be printed in a single column on TTY.

* DTA0: WN ????.* /0/V

21-JAN-74

MTPALA. PA 1 18-JAN-74
MTPALB. PA 1 18-JAN-74

7 18 FFEE BLOCKS
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Example 6:

This example demonstrates the use of the /R option to list part

of the directory. DIRECT is to find the first file that begins with

WN and has a .PA extension; that file and all files that follow are

to be listed. The directory is listed in two columns on TTY.

* DT A0: WN ? ? ? ?. PA /R= 2

21-JAN-74

WNPALA. PA
WNTSTD.BA
MTPALC.PA
WMXY . BA

19-JAN-74
21-JAN-74
21-JAN-74
21-JAN-74

WNPPPA.PA
WN PALE. PA
WNXX . BA

19-JAN-74
2 1 -JAN- 14
21-JAN-74

7 18 FREE BLOCKS

Direct Error Messages

The following error messages may appear when running the DI-

RECT program.

Table 2-17 DIRECT Error Messages

Message

BAD INPUT DIRECTORY

DEVICE DOES NOT HAVE A
DIRECTORY

EQUALS OPTION BAD

ERROR CLOSING FILE

ERROR READING INPUT
DIRECTORY

Meaning

This message occurs when
the input device has a bad
directory, e.g., the device

is not an OS/ 8 device, or

a DECtape has not been

zeroed.

The input device is a non-

directory device, e.g., PTR.
DIRECT can only read

directories from file-struc-

tured devices.

The =n option is not in

the range 0-7.

System error.

An error occurred while

reading the directory.
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Table 2-17 DIRECT Error Messages (Cont.)

Message

ERROR WRITING FILE

ILLEGAL *

ILLEGAL ?

NO ROOM FOR OUTPUT FILE

Meaning

THERE IS NO HOPE—THERE IS NO
TTY HANDLER IN YOUR SYSTEM!

An error occurred while

writing the output file.

An asterisk (*) was in-

cluded in the output file

specification or an illegal

* was included in the in-

put file name.

A question mark (?) was

included in the output file

Self-explanatory; the out-

put device does not have

sufficient space for the di-

rectory to be written.

A command was issued to

print a directory on the

terminal when no TTY
handler is present on the

OS/ 8 system. Use BUILD
to insert a TTY handler in

the system.
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EPIC

Introduction

EPIC, the Edit, Punch and Compare utility program for OS/ 8, is

designed primarily to assist users by performing the following

functions:

1

.

Read and punch paper tape files and patches

2. Edit arbitrary files

t 3. Compare files in any format

When EPIC is loaded, the command line determines which func-

tion is desired. Each of these functions is discussed as a separate

topic in these next few pages. This section assumes an elementary

knowledge of OS/8.

Loading EPIC
To load the EPIC program type R EPIC in response to the

OS/8 monitor's dot (.). Specify the EPIC function desired by in-

cluding one of the following numeric options in the file command
line:

paper tape
• R EPIC

1 edit

trans. as</0$ 2 compare

punch the file TRANS stored

on SYS.
.R EPIC

fetch FILEA from DTA1 for

*DTAl: FILEA.SV</1$ editing

compare file ABC on the disk

with file XYZ on DTA1 and
. R EPI C output block numbers and lo-

*DSK: ABC SV<DTAl:XYZ. SV/2S
cations of each non-match on
the Teletype.

After one of these numeric options has been included in a com-

mand, it need not be specified again in subsequent sequential

commands requiring the same option. Specifying the number puts

EPIC in a mode and it remains in that mode until another number

is specified. Initially, EPIC is set to option 0. The character ALT-
MODE, which prints as $ on the terminal, is used to end a com-

mand that includes a numeric option.
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Restart Procedure

EPIC can be restarted at location 0200. Default options remain

active. The default options are discussed later in this section.

Paper Tape Facility

The paper tape option (/0) of EPIC punches OS/8 files and file

patches onto paper tape and creates OS/8 files from paper tapes.

Whole files or patches (blocks) of files can be read or punched.

Parity checks are punched to assure accurate reads. Note that a

unique paper tape format is used so that tapes must be both

punched and read by EPIC. A file punched by PIP, for example, is

not acceptable to EPIC.

Command Format

To request the paper tape facility, the option must be spe-

cified. The form of the response to the command decoder's * de-

termines whether a tape is to be punched or read. In both cases,

no input files or devices are specified. To punch a tape, the file

name is specified; to read a tape, no file name is required (that in-

formation is encoded on the paper tape). The command line spec-

ifying the mode of EPIC is terminated by ALTMODE.
To punch a tape, the response is:

*dev:name</0/other options$

To read a tape, the response is:

*dev:</0/other options$

If a file name is specified, EPIC looks up the name on the specified

device and punches the file (including the file name) onto paper

tape. If no file name is specified, EPIC reads in a paper tape and

enters it onto the output device under the name it read in from

the tape.

The other options for handling paper tape are:

L Use low speed paper tape reader or punch

E Do not punch end of tape upon completion

P Punch or read a patch (instead of the whole file)

Z Set relative block to

zzrn Punch relative block n

Y Clear default name
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These options can be combined to achieve the desired results.

L Option: If the /L option is not specified, EPIC assumes a

high-speed paper tape device. Thus, SYS:</0
means read a tape from the high-speed reader to

device SYS but SYS:</0/L means read it from

the low-speed device.

E Option: The /E option can be used to punch a series of

patches to a file for all patches except the last one.

With the /E option the end of tape mark is not

punched. The end of tape must have the "end of

tape" punch, a 377 punch and a length of leader/

trailer tape.

P Option: The /P option is required to indicate the tape to

be read or punched is a patch, not an entire file.

Generally, the command required to read in a patch

is simply dev:</P. File name and block specifica-

tions are already punched on the tape.

Option /Z or —n must be used with the /P option

to indicate punching block or some other block

(relative block n), respectively. The patch is read

on top of an existing file on the specified output

device, i.e., modifying an old file, not creating a

new one.

Y Option: The /Y option is used to clear the default file name
when switching from punching to reading paper

tape and when reading more than one paper tape.

Default Options

Throughout EPIC, if options, files, or devices are not specified,

the program defaults to the last such item specified. There is an

initial default device: SYS is assumed if no output device is spec-

ified. No options are assumed initially, however, except for relative

block 0. Note^hat device and file name options carry between

EPIC modes 0, 1 and 2. Specifying an option (i.e., L, P, E, Z,

etc.) in a command string disables default to any options from the

previous command (except 0, 1,2).

For example, to punch blocks 0, 1 and 30 of the file TRANS on

the SYS device and read them back onto that file on DTA3, the

commands are:
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.R EPIC

*TRANS</P/E/Z$

*=1

*=30/P

*DTA3:</Y

Punch block of TRANS on

high-speed punch with no end

of tape punch. Note that

EPIC defaults to the paper-

tape option initially so is

not required in this case.

Punch block 1 of file TRANS
with no end of tape character

on high speed device.

Punch block 30 of the file

•TRANS oh high-speed punch.

Punch end of tape (P dis-

ables E).

rvcctu ui6 tape nuiu llic nig"

speed device and put out to

file whose name is encoded

in the patch on device DTA3
until end of tape is reached.

File name and relative block

are punched on the tape so

this information is not neces-

sary. Y clears the default

name. (TRANS)

Error Conditions

If an error occurs while reading a block of paper tape, EPIC

outputs an appropriate error message (the error messages are

listed at the end of this section), and halts; the user should reposi-

tion the paper tape to the leader/trailer just in front of the block

just read before continuing (refer to the section on Paper Tape

Format); three consecutive read errors terminate the command.

When EPIC is reading in a non-patch file it checks the initial

block read of every tape and every block that is reread because

of error to determine if the read was accurate up to name and

block number. If the wrong block number or file name is read,

EPIC outputs an appropriate message indicating the type of error

and halts with AC—1111 to allow the user to reposition the tape

over the correct block or enter the correct tape before continuing.

Low Speed I/O

The execution of EPIC differs for low speed I/O. Before start-

ing a low speed punch EPIC halts with 7777 in the AC to allow
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the user to turn on the low speed punch and then press the CONT
key on the computer console. Upon completion of a punch com-

mand EPIC halts with the AC=0 to allow the user to turn off

the punch. When the CONT key is pressed, EPIC recalls the

command decoder. For low speed input EPIC halts only upon

completion of the read.

If a file or a series of files to be punched exceeds 32 blocks,

EPIC segments it by punching end of tape after 32 blocks. This

end of tape punch is done automatically and independently of

the E option; its purpose is to keep tapes physically short enough

to fit into a paper tape tray. Upon physical end of tape, EPIC

halts with the AC=0 if the low speed punch is being used to allow

the user to turn off the punch before continuing. As soon as the

punch is turned off, EPIC outputs the message END OF TAPE

ENTER NEXT and then halts with the AC—7777 to allow both

high and low speed users to remove the paper tape. Note that low

speed users get both halts, but high speed users only get the 7777

halt. In general, a halt with AC— means turn paper tape device

off and a halt with AC—7777 means turn device on. All halts are

terminated by depressing the console CONTinue key. If EPIC

encounters end of tape while reading a non-patch file it outputs

the message END OF TAPE ENTER NEXT and halts with

AC—1111 indicating that the file is segmented across a number

of tapes and that the user should enter the next tape.

Device Codes

Most of the execution time is spent waiting for paper tape devices.

During I/O wait, EPIC holds the device code and version number

in the AC. The device code is in bits 3-5 and the version number

is in bits 6-11. The codes are as follows:

1 high speed reader

2 high speed punch

3 low speed reader (console TTY)

4 low speed punch (console TTY)

If the user forgets to turn on the high speed reader, EPIC hangs

with lxx in the AC. EPIC can always be restarted at 0200. The

OS/8 CTRL/C is normally in effect; the exceptions are when

EPIC is waiting for a paper tape device or when input is from the

low speed reader.
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NOTE
When input is from the low speed reader

EPIC forces the output device to be SYS
because it is the only OS/8 I/O handler

that does not check for CTRL/C.

Thus, if the user were to enter the command:

DTA2:</l

EPIC would force it toT)e

SYS:</L

Editing Capability

Option 1 of EPIC is the file editing and searching facility. With
this feature, patches can be added directly to the file by specifying

relative blocks and locations in the file.

INITIAL COMMAND FORMAT
The general format of a command for the editing option is:

. R EPIC

*dev:name</opti 0NS/1S

The ,/l$ specifies edit mode for EPIC.
As with the paper tape option, default conditions apply. If no
device and/or file name is specified, the last one mentioned is used.

When editing, the only option available in the initial command is

/Y Clear default name (if one exists)

Editing is performed one block at a time. The relative block cur-

rently being processed is the current block; the location currently

being processed is the current location (0-377). Relative block is

the first block of the file if a file name is specified or block of

the device if no file name is specified.
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EDITING COMMANDS
After the initial (file specification) command, a series of key-

board commands are used to perform the editing. The general

format of an editing command is

or

x,nl,n2

where x is a command letter and nl,n2 are octal numeric argu-

ments. If a numeric argument is used, the letter is followed by a
comma. Up to 3210 characters can be typed on a line. Default con-

ditions apply to these commands as well. If carriage return is the

only character typed as an editing command, the last command
specified is executed. The commands available are as follows:

Table 2-18 EPIC Commands

Command Meaning

E Exit to command decoder; write out current block of
file if it has been modified.

R, n Read relative block n (octal) of file and set current loca-

tion to 0. Do not write current block. If n is not spec-
ified, the current block is read. If the relative block is

out of range, a ? is printed. There are 1341 blocks per
OS/8 tape and 6260 per RK8 disk platter.

W Write the current block of file if it has been modified
and read in the next sequential block of the file. If the
current block is the last block of the file, a ? is printed
and the current location is unmodified.

S, nl, n2 Search the current block for the value nl with the mask
n2. If either nl or n2 or both are omitted, the last value
specified is used. The initial mask is 7777. Masking
is performed in a logical AND fashion. If the S com-
mand is terminated by the RETURN key the search is

for the current block only. If terminated by the LINE
FEED key, the search continues to the end of the file.

If the search fails (either in the block for a carriage
return or at end of file for line feed) EPIC prints a ?.

If the search is successful EPIC prints

2-89



Table 2-18 EPIC Commands (Cont.)

Command Meaning

ml m2
m3 /

where ml is the relative block, m2 is the relative loca-

tion within the block and m3 is the contents of the loca-

tion, (ml is omitted if a previous match was found in

the same block.) To change the contents, type the new

contents (octal) after the slash. To continue the search

type the LINE FEED key; to terminate the search type

the RETURN key. (If the contents are not to be

changed, type one of the terminators.)

O, n Open location n of the current block. If n is not spec-

ified, the last opened location is the default. If there

is no default, location is opened. EPIC responds with

ml /

which is the contents of location n. This location may

be modified as in search. Terminating with the LINE
FEED key closes the current location and opens the

next. If the current location is the last one in the block,

location of the next block is opened and the current

block is written out as if it had been modified.

C Print current status, as:

ml (F or B) m2 m3 m4

where ml is the current block, m2 is the current loca-

tion, m3 is the search word and m4 is the mask word.

If F is typed, the file has been modified since option 1

was requested; B indicates the current block has been

modified. Once a modified block has been written to

the file, the F is the only code output.
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Thus a reasonable sequence is:

. R EDIT
*DSK:IS0MER</1$
R,2
S.,3126,7770

0004 0110

3124 /3121
,,7777

0004 0132

3126 / 3127

0004 B 0132 3126 7777

W

R, 2 -

0* 10

1367 /1364>

3324 .

E

Call EPIC

.

Edit file ISOMER on DSK.
Read block 2.

Search for a 312x in that

block.

Not there.

Search for it throughout the

file.

Found at block 4, location

110.

Change contents to 3121.

Search for 31xx throughout

the rest of the block (loca-

tions 110-377).

Found at location 132 of

block 4.

Contains 3126. Change to

3127.

Check status.

At location 132 of block 4

which has been modified; the

current search word is 3126

and mask is 7777.

Write block 4.

Block 4 written but file is

only four blocks long, no

block 5 to read.

Read block 2.

Open location 10.

Contains 1367. Change to

1364.

Check next location. No
modifications.

Exit editing option.

Compare Capability

A third feature of EPIC is file compare (/2). Because EPIC
uses an absolute compare technique, there are no limitations in

the data format or the length of the file. The files to be compared

must reside on the system device.

COMMAND FORMAT
Option 2 of EPIC requires only one command, .specified as

follows:

2-91



SYS:filel <SYS:file2/options/2$

The first file to be compared is specified to the left of the angle

bracket, the second file to the right. The options are:

A Abort when the first non-match is found.

B List physical block number for each file where a non-match

exists.

If no options are specified, the block numbers and locations of

each non-match are listed on the terminal.

For example, to compare files PYTHG1 and PYTHG2 and find

all unequal locations, the sequence is as follows:

*S5fS:PYTHGl<5YSlPYTHG?/?S
SYS;0174 SYS30b31
0152 7050 3421
0153 5741 2tf21

0154 3421 3a2c>
*

To compare them and list unequal blocks the command is:

*SYS»PYTHGlSYS«PYTHG2/B/2$

If this block match followed the preceding locations match com-

mand, a sufficient command and its results are:

SYStei74 SYS»0b31

To abort after the first non-match, the sequence is:

SYSE0174 SYS;0fe31

Error Messages

EPIC can print one of the following error messages when per-

forming paper tape (option 0) operations.
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Table 2-19 EPIC Error Messages

Message

BAD =BLK

END OF TAPE

END OF TAPE
ENTER NEXT

I/O ERROR

L/T ERROR

NEED:namel
FOUND name!

Explanation

When EPIC is punching a patch it checks

the block specified by "=n" to see if it is

within range. If the block is out of range

EPIC outputs this error message and returns

to the command decoder. For example if a

file JOE were two blocks long and the user

requested:

JOE:^/P=3
the errot message would be printed.

EPIC was expecting a block of tape and

found end of tape instead. EPIC halts with

AC—111! to allow the user to reposition

the tape. When the user depresses CONT-

inue EPIC attempts to read the block.

When EPIC is reading a file that is seg-

mented across a number of paper tapes and

encounters the end of a segment, it outputs

this message and halts with AC=7777 to

allow the user to enter the next segment of

paper tape. Press the Console CONT key

to continue reading.

If EPIC encounters an error while reading

or writing a mass storage device, or a paper

tape read fails three consecutive times, it

outputs this error message, deletes the out-

put file if one exists, and returns to the com-

mand decoder.

EPIC was expecting leader trailer and found

non-leader trailer while attempting to read a

block. The program prints this error message

and halts with AC-1111 to allow the user

to reposition the tape then press the Com-

puter Console CONT key.

EPIC read a block of tape for the file

NAME2 when it was expecting a block of

the file NAMEJ. This error would typically

occur when a user comes to the end of a

segment for NAME I and enters some seg-

ment of NAME2 instead of the next seg-

ment for NAME1. EPIC halts with AC-
7777 to allow the user to enter the correct

paper tape.
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Table 2-19 EPIC Error Messages (Cont.)

Message Explanation

NEED:nlFOUND:n2

PARITY ERROR

PTR:NAME IS TOO
BIG FOR dev:

USR n dev: name

EPIC read block n2 of the file when it was
expecting block nl of the file. EPIC halts

with AC=7777 to allow the user to reposi-
tion the paper tape. This error typically

occurs when the user repositions the tape
to the wrong block after a read error.

EPIC failed to read a block correctly, e.g.

the reader dropped some bits. EPIC halts
with AC=7777 to allow the user to reposi-

tion the tape so that it can trv the read
again.

The paper tape file NAME will not fit on
the specified output device DEV:. EPIC
aborts the command and returns to the com-
mand decoder. EPIC makes the check for
size before writing on the output device..

The USR encountered an error while at-

tempting to perform a fetch, lookup, enter,

or close on the file NAME on device DEV.
n=l is a fetch, n=2 is lookup, n=3 is enter,

n=4 is close. EPIC aborts the command and
returns to the command decoder. For ex-
ample, if the user requests EPIC to punch
a file on SYS that does not exist:

SYSJMLL*

EPIC outputs the message

USR 0k>0* SYS1NILL

indicating that it could not find the file

NILL on the device SYS.
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Paper Tape Format

Paper tapes punched by EPIC have the following format:

2
FEET
L/T

DATA
BLOCK

8
INCHES

L/T

DATA
BLOCK

8
INCHES

L/T

2
FEET
L/T

L START OF BLOCK
PUNCH

END OF TAPE

PUNCH

Leader trailer is any string of or 200 punches; usually it's just

200 punches; leader trailer is terminated by a 201 punch which

indicates the start of a data block. The first punch after the last

data block is 377 which is end of tape. Each data block has the

following format:

HEADER
BYTE

DATA
BYTE

DATA
BYTE

DATA
BYTE

CRC CRC

Each byte is 12 punches (96 bits) and corresponds to 8 12 bit

words; each byte is followed by an even odd parity punch of the

eight words in the byte. Each block is terminated by two CRC
punches of longitudinal parity.

The header byte contains information about the file e.g., file name

and relative block number. The data bytes constitute the actual

data of the block; there are 32 data bytes per 256 word block.

Loading EPIC From Paper Tape

For users who receive EPIC on paper-tape, use the following

procedure to load the tape and save it on a mass storage device.

-j_R ABSLUH
±PTK'ISi

,SA SYS EPIC 0-7577;0200»0

Use ABSLDR
Read from reader; after f is

output, type any key to start

reader

Save on mass storage with

starting address of 200
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EPIC Assembly Instructions

The PAL8 (version 9) assembler is used to assemble EPIC as fol-

lows:

_j_R pals
#DEVIEPIC.eN,DEV|EPlC t l.S<DEVlEPIC t PA

To create the save file, use ABSLDR:

•_R ABSLDR Call ABSLDR.
*.0EV«EPIC.8N$ Load EPIC.BN on device

XS* OEV EPIC (0*7577; 0200»0 specified.

oave JQric on ucvxcc speci-

fied.

0-7577 = area in core used

during execution. 0200 = re-

start address.
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FILE ORIENTED TRANSFER PROGRAM (FOTP)

FOTP is an OS/8 program used to transfer files from one device

to another, to delete files from a device, and to rename files. FOTP

is significantly faster than PIP and performs certain functions not

available with PIP. For example, FOTP can transfer files longer

than 256 blocks and can perform multiple file transfers and

deletions without requiring multiple accesses of the directory

FOTP copies files in image mode, i.e., it copies the file word tor

word, character for character, without making any changes in the

file. (This corresponds to the /I option in PIP.) Thus FOTP may^be

used to copy core image and binary files as well as ASCII files,

without specifying options to identify the type of file.

Calling FOTP
To call FOTP from the system device, type:

r fotp

In response to the dot printed by the Keyboard Monitor. (FOTP

may also be called indirectly by several CCL commands. See the

CCL section of Chapter 1.) The Command Decoder prints an

asterisk at the left margin and waits to receive a line of I/O hies

and options. FOTP accepts one output specification and up to five

input specifications. The I/O specification line may be terminated

with a carriage return (FOTP retains control) or with an

ALTMODE (control returns to the Keyboard Monitor).

INPUT SPECIFICATIONS

FOTP input specifications consist of a device, a file name, ana

a file name extension. Input specifications are optional but must be

present if no output specification is included.

Within the input specification, FOTP allows a wild card con-

struction to be used. This means that the file name or the extension

may be replaced totally with an asterisk or partially with a question

mark to designate certain file names or extensions. The asterisk is

used as a wild field to designate the entire file name or extension.

For example:

TESTL* All files with the name TEST1 and any extension.

*.BN AH files with a BN extension and any file name.

*.* All files.
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The question mark is used as a wild character to designate part
of the file name or extension. A question mark is used for each
character that is to be matched; e.g., PR?? matches on four char-
acters or less. For example:

TEST2.B? All files with the name TEST2 and any extension
beginning with B.

TES??.PA All files with a PA extension and any file name up
to five characters beginning with TES.

??•?? All files with file names of two characters or less.

The asterisk and the question mark can be specified together in
the same command line.

/vu mes wiui me names of three characters or less.

The following are examples of legal FOTP input specifications:

DSK:

SYS.A
LTA3:TEST1A
DTA7:A.BN
FILE
FILE3.DA
4

NAME?.TX,NAM??.BN
N?ME.
??????.D?
*

*.BN

PRN:*.??

?W?B?Z.?A

A specification may not contain embedded *'s, e.g., A*B.* is an
illegal specification. The following are illegal input specifications:

A,B,C

A:B:C

A?*.B

.AB

DAT:A.*B
A?B:C
*:BIN
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For each input specification given, if no device is explicitly

given, then the device associated with the previous specification is

assumed. If no device is explicitly given for the first specification,

then DSK: is assumed. Thus, the following input specifications are

equivalent: - '

DSK:B B
SYS:B.*,C.*,D.* SYS:B.*,SYS:C.*,SYS:D.*

B.*,DTAO:,SYS:*.BN DK:B.*,DTAO:,SYS:*.BN

As many as five input specifications can be included in a single

command line. If all the files are on the same device, the input

device need be specified only once. For example:

DTAO:*.BN,*.SV,*.RL

refers to files on DTAO that have .BN, .SV, or .RL extensions with

any file name.

OUTPUT SPECIFICATIONS
FOTP output specifications consist of a device, a file name, and

a file extension. Output specifications are optional. The wild card

asterisk may be used in output specifications, but the question

mark is illegal.

If no output device is specified but a file name is given, then

DSK: is assumed. If no file name is specified, then *.* is assumed.

Thus the following output specifications are equivalent:

A DSK:A
A.* DSK:A.*

DTA3: DTA3:*.*

Using FOTP
Since FOTP performs file transfers in a different manner than

other OS/8 transfer.programs, the following is a detailed descrip-

tion of the way in which FOTP works. One of the main uses of

FOTP is to copy files from one device to another. The following

examples are used to show how FOTP examines each aspect of a

command to determine what operation will actually take place.
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Example 1:

To copy the file SMILE.PA from DTA3 to DTA5, changing its

name to FROWN>A, type:

DTA5: FROWN. PA<DTA3: SMILE. PS

in response to the <* printed by the Command Decoder.
1. If FOTP does not find the file SMILE.PA on DTA3, the

message:

NO FILES OF THE FORM SMILE.PA

is printed and no transfer is performed.

2. FOTP examines DTA5 to determine whether it already con-

tains a file FROWN.PA. If FROWN.PA is already on DTA5,
FOTP deletes it before beginning the transfer. This process is

known as predeletion.

3. The /N option is used to specify that no predeletion is desired.

Thus the command:

DTA5: FROWN. PA<DTA3: SMILE. PA/N

begins to copy SMILE.PA to DTA5 without deleting the old

FROWN.PA. FOTP does this by opening a tentative file

named FROWN.PA on DTA5. When the transfer operation is

successfully completed, the tentative file is closed. Closing this

tentative file makes it a permanent file and, at the same time,

deletes any old files of the same name. This process is known
as postdeletion.

4. FOTP assigns the creation date of SMILE.PA to FROWN.PA.
This is an advantage over PIP, which would assign the current

date to the new file. If files are always transferred with FOTP,
the original creation date of the file is preserved. Thus this

feature of FOTP allows the user to differentiate between ver-

sions of a file since the more recent version should have a later

date.

5. The /T option of FOTP can be used to assign the current date

to a file. For example, if SMILE.PA is undated, FOTP assigns

the current date to the newly created FROWN.PA.
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DTA5: FROWN. PA<DTA3: SMILE. PA/T

6. Advanced users may be using the additional information words

feature of OS/8. This feature allows the knowledgeable user

to associate additional information (other than the creation

date) with each file entry in a device directory. FOTP transfers

such additional information words from SMILE.PA to

FROWN.PA. (PIP does not perform this function.)

If the file structure on DTA5 has space for more additional

information words than appeared with SMILE.PA, then those

extra words are set to 0.

If the file structure on DTA5 does not have enough space for

all the additional information words associated with

SMILE.PA, then FROWN.PA is given as many as can fit (from

the left). Excess information words (on the right) are not

transferred.

Example 2:

Normally, one copies files from one device to another without

changing the file name. For example, to copy the file TEST.PA

from DTA1 to DTA2, type:

DTA2: TEST. PA<DTA1 : TEST. PA

in response to the * printed by the Command Decoder. Since this

transfer operation is so common, FOTP allows the output file

name to be abbreviated to *.*. The *.* means that the input file

name is to be used as the output file name. Thus the preceding

command could be typed as:

DTA2:*.*<DTA1:TEST.PA

Since the *.* specification is so frequently used, it is the default,

i.e., if no output file name is specified, *.* is assumed. Thus the

preceding command may be further simplified to:

DTA2:<DTA1: TEST.PA

Example 3:

One of the more attractive features of FOTP is that it allows

multiple files being transferred from one device to another to be
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included in the same command line. For example, to transfer five

FORTRAN source files from SYS to RKA2, the user could type:

RKA2:* .*<SY S: DATA1 . FT, DATA2. FT, DATA3. FT, DATA4. FT, DATA5. FT

The wild card characters * and ?, explained previously, are
particularly useful when doing multiple file transfers. For example,
to transfer all FORTRAN II source files from SYS to RKA2,
type:

RKA2:*.*<SYS:*. FT

The specification *.FT means files with any name that have the
.FT extension.

To copy all files from DTA1 to DSK, type:

DSK:*.*<DTA1:*.*

Note that the *.* specification has different meaning when
placed on the left side of the < than it does when placed on the
right. When used on the output (left) side, *.* means that the
output file name is the same as the input file name. When used on
the input (right) side, *.* means transfer or consider all files on
this device. For example:

RKA2J <SYS: TEST 1 . PA, TEST2. PA, TEST3. PA

copies three files from SYS to RKA2. PIP would require three

commands, each transferring, one file, to perform the same opera-
tion.

Note that in the preceding example, no output file name is

specified, so *.* is assumed. No device is specified for the files

TEST2.PA and TEST3.PA, so the device specified as the previous

input device (SYS) is assumed.

Frequently, several files with similar names (as above) are to be
copied from one device to another. In many cases, these files can
be referenced by a single file specification by using the ? wild

character. For example the command:

DTA2x*.*<DTAl:TEST?.PA
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transfers all files on DTA1 that have the extension .PA and that

have names beginning with TEST followed by one other character.

ADVANTAGES OF PREDELETION
The default mode (and the recommended one) of FOTP is to

use predeletion when copying files. Predeletion creates space On
the output device for the new file. Suppose that, in Example 1

above, DTA5 were almost full. There might not be enough space

on DTA5 for SMILE.PA. If, however, FROWN.PA is first deleted,

this could create enough space for SMILE.PA
Predeletion normally places the new file in the space occupied

by the file being replaced. In Example 1 above, if FROWN.PA is

first deleted, the space where it resided is empty. This empty space

could then be used for the new copy of FROWN.PA (the former

SMILE.PA). If predeletion were not used, the new tentative file

for FROWN.PA would probably be placed at the end of the tape.

This procedure would create a gap (EMPTY) when the old copy
of FROWN.PA was deleted; thus the files on DTA5' would be
ordered differently.

ADVANTAGES OF POSTDELETION
Postdeletion fs a slightly safer method of transferring files since

the original file is not deleted until a transfer is successfully com-
pleted. Suppose that, in Example 1 above, SMILE.PA is an up-

dated version of the FROWN.PA that exists on DTA5 and that

these are the only two copies of a certain source file. If predeletion

is performed and SMILE.PA is discovered to have a permanent
input error, that source file will have ceased to exist because

SMILE.PA will be unreadable and FROWN.PA will have been
deleted. The use of postdeletion in this case would save the original

copy (FROWN.PA) even though the updated version (SMILE.PA)
could not be read.

CONTROL CHARACTERS
The special characters CTRL/C and CTRL/P are used to

terminate FOTP operations. When CTRL/C is typed, FOTP con-

tinues operation until the files on the output device are the same as

those in the output device directory. Control then returns to the

OS/8 Keyboard Monitor.

CTRL/P causes FOTP to terminate the current operation but

FOTP retains control. The output device directory is updated to
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reflect the operations completed before the termination occurred.

FOTP prints an asterisk and can receive another I/O specification

line.

If CTRL/C or CTRL/P is typed when deleting (/D) or renam-

ing (/R), no FOTP operations are performed and the message:

ORIGINAL DIRECTORY PRESERVED

is printed.

FOTP Options

The options listed in Table 2-20 may be used in a FOTP speci-

fication line.

Table 2-20 FOTP Options

Option Meaning

/C Current date. Consider only those input files with the cur-

rent date when performing a FOTP operation. For ex-

ample, if the command:

*DSk:<DTAb:*,*/C

Is typed, FOTP transfers from DTAO to DSK only those

input files that have the current date.

/D Do not perform any I/O transfers, i.e., perform only dele-

tions. /D is not an abbreviation for delete although it

usually performs that operation. This option compares the

input specification with the output specification, if any, for

matching files. If a match is made, FOTP performs as

though transferring the file, and then deletes the trans-

ferred file.

If no transfer occurs, no postdeletion occurs. Predeletion

mi<mt still occur unless the /N option is included. If no

output device is specified, FOTP assumes the first input

device specified as the output device. If no output files or

extensions are specified, i.e., *.* is specified or assumed,

the input file names become the output file names. If no

input files are specified, no deletion takes place.

/F Failsafe. The /F option protects files during a transfer

operation. It is particularly useful when transferring a great

number of files from disk to DECtape. The /F option al-

lows a new volume to be mounted if a large file will not

2-104



Table 2-20 FOTP Options (Confe)

Option
"

Meaning

fit on the output device or if all files, will not fit on the^

output device. If, for example, a user wishes to transfer,

all .BN files from DSK to DTAO, he types:

DTA0:<DSK:*.BN/F

If the output device becomes full before transfer is com-
plete (or if a large file will not fit), FOTP prints:

MOUNT NEXT OUTPUT VOLUME:

Dismount the current tape and mount a new tape on the
same unit. Type any character to continue. The device

mounted must have a good OS/ 8 directory. FOTP then

continues the transfer on the new volume and updates
the directories of both volumes.

/L List on the terminal the names of files affected during the

FOTP operation. Note that neither the device nor the out-

put file is listed.

/N No predeletion. Delete output file names after a successful

I/O transfer occurs. If an I/O transfer proceeds, any other
files of the same name will automatically be deleted when
the file is closed.

/O Other than the current date. Consider only those input

files with a date other than the current date when perform-
ing a FOTP operation.

/Q Query the user about each relevant file name to determine
whether he wants the specified operation to occur for that

file. This relevant file name could be either an input or out-

put file name depending upon the type of FOTP operation

being performed. For example, if input files are being re-

named, FOTP prints the affected input file names. If out-

put files are being deleted, FOTP prints the output files

that will be affected. FOTP prints each relevant file name on
the terminal and waits for the user to respond. A response
of Y causes the specified operation to be performed. Any
other response causes that file to be ignored and FOTP
prints the next relevant file name.
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Table 2-20 FOTP Options (Cont.)

Option Meaning

/R Rename the output file without performing any transfer.

This operation is performed by specifying the same device

as both the input and output device. For example:

DSK: TEST3. PA<DSK: TESTS. PA/R

would change the name of the DSK file TEST2.PA to

TEST3.PA without performing any transfer.

/T Assign the current date to the corresponding input file.

/U Treat each input specification separately. This option causes

FOTP to find files in the same order as they are entered

in the input specifications. For example, the command:

DTA0:<DSK:TEST.PA,DATA1.FT,TEST2.PA/U/L

TEST. PA
DATA 1. FT
TEST2.PA

>.

finds the files in the order that they were specified in the

command, not in the order in which they may appear on

DSK.

/V Consider only input files which do not have the form spe-

cified by the input specifications. For example, the com-

mand:

DTA0: < SY S: * . SV, * . HL /V

transfers to DTAO all files on SYS other than those with

.SV. or .HL extensions.

/W Print the version number of FOTP on the terminal.

EXAMPLES OF FOTP SPECIFICATION COMMANDS
The following are legal command strings to FOTP. When FOTP

has completed an operation, control returns to the Command

Decoder for additional input, unless the ALTMODE is used to

.terminate the FOTP command line.
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Example 4:

DTA0*<A.B

This command string transfers the file A.B from the device DSK
toDTAO.
Example 5:

DTA3! < SY S: A, B* C, D, E

This command string transfers the files A, B, C, D, and E from

the system device to DTA3.
Example 6:

DTA2:<DTA5:*.FT/L

This command string transfers all FORTRAN source files from

DTA5 to DTA2, producing a log of those copied.

Example 7:

LPT:<*.FT,*.BA/U

This command string lists all FORTRAN files, then all BASIC
files on the line printer.

Example 8:

DSK l <DTA3J * , SV, * • BN/DTA2I K ?????. * /V/L

This command string copies from DTA3 to DSK all files other

than core image (.SV) and binary (.BN); it then copies from DTA2
to DSK all files other than those with names beginning with K. A
listing is printed of all files copied.

Example 9:

DTA1:C.D<A. B/T

The above command copies the file A.B from DSK to DTA1,
changing its name to CD, and assigns the current date to the file.
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Example 10:

SYS:*.PL<LTA2:*.PA/N

The above command copies from LTA2 to the system device all

files with .PA extension, changing the extension to .PL.

Example 11:

*.LS,*.TM**.BK*TMP???.*/D/0

This command string deletes any disk file which has an exten-

sion of .LS, .TM, or .BK or has a name beginning with TMP if the

Error Messages

The error messages listed in Table 2-21 may appear during a

FOTP operation.

Table 2-21 FOTP Error Messages

Message

ALREADY EXISTS (file name)

BAD INPUT DIRECTORY

BAD OUTPUT DEVICE

BAD OUTPUT DIRECTORY

DELETES PERFORMED
ONLY ON INPUT
DEVICE GROUP 1

CANT HANDLE
MULTIPLE DEVICE
DELETES

Meaning

An attempt was made to rename

an output" file with the name of

an existing output file.

The directory on the specified

input device is not a valid OS/ 8

device directory.

Self-explanatory. This message

usually appears when a non-file

structured device is specified as

the output device.

The directory on the specified

output device is not a valid

OS/ 8 device directory.

More than one input device was

specified with the /D option

when no output specification

(device or file name) was in-

cluded.
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Table 2-21 FOTP Error Messages (Cont)

Message Meaning

ERROR ON INPUT DEVICE,
SKIPPING (file name)

ERROR ON OUTPUT DEVICE,
SKIPPING (file name)

ERROR READING INPUT
DIRECTORY

ERROR READING
OUTPUT DIRECTORY

ERROR WRITING
OUTPUT DIRECTORY

ILLEGAL *

ILLEGAL ?

NO FILES OF THE
FORM xxxx

NO ROOM, SKIPPING
(file name)

SYSTEM ERROR-CLOSING
FILE

USE PIP FOR NON-FILE
STRUCTURED DEVICE

The file specified is not trans-

ferred, but any previous or sub-

sequent files are transferred and

indicated in the new directory.

The file specified is not trans-

ferred, but any previous or sub-

sequent files are transferred and

indicated in the new directory.

Self-explanatory.

Self-explanatory.

Self-explanatory.

An * was entered as an embeded
character in a file name, e.g.,

TMP*.BN.

A ? was entered in an output

specification;

No files of the form (xxxx) spe-

cified were found on the current

input device group.

No space is available on the out-

put device to perform the trans-

fer. Predeletion may already

have occurred.

Self-explanatory.

An input device specified is not

a file-structured device, e.g.,

PTR.
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MAGTAPE/CASSETTE PERIPHERAL INTERCHANGE
PROGRAM (MCPIP)

MCPIP is an OS/8 program that is used to transfer files between

standard cassettes or magnetic tapes and other OS/8 system de-

vices, delete such files, and transfer directories. MCPIP allows the

OS/8 user to read or write any standard cassette file on a cassette

or magnetic tape. In particular, MCPIP can read or write any file

created by or to be used by the CAPS-8 system or by the OS/

8

system (using any OS/8 device handler). MCPIP can also read

or write any magnetic tape file that is in standard cassette file for-

mat, i.e., a file created by MCPIP or by CAPS-8.

MCPIP may be run on any OS/8 system equipped with at least

8K of memory and TA8E cassette or TM8E magnetic tape drives.

MCPIP supports any OS/8 system device. Before running MCPIP,
the user must load the OS/8 cassette or magnetic tape handlers as

described in Getting On Line with OS/8 in Chapter 1.

Calling and Using MCPIP
To call MCPIP from the OS/8 system device, the user types:

R MCPIP

in response to the dot printed by the Keyboard Monitor. The
Command Decoder then prints an asterisk at the left margin of the

terminal and waits to receive a line of I/O files and options.

MCPIP accepts one input file and performs output to a single out-

put file. The contents of the input file are transferred to the output

file in image mode. In response to the asterisk, the user types an

I/O specification of the following form:

*outfile<infile/(options) = size

Each file specification consists of a device and an optional file

name (for file-structured devices). To perform I/O on a given cas-

sette drive, the user's OS/8 system should be configured with an

OS/8 cassette handler for that drive.

The permanent device names for cassettes are CSA0-CSA7.
Magnetic tapes have the permanent device names MTA0-MTA7.
Permanent device names for other OS/8 devices are listed in the

Keyboard Monitor section of Chapter 1 . These device names are

used in the I/O specification, along with any file name that is

2-110



necessary. For example, to transfer a CAPS-8 file named

DATA01 to the disk, the user types:

*DSK:DATA01<CSA1: DATA01

if the standard cassette is mounted on drive 1 and. if the user's

OS/8 system has a handler for drives and 1 (unit 0) with entry

point names of CSAO and CSA1 .. If a cassette handler is specified

without any file name, MCPIP uses the handler without modi-

fication, i.e., it uses the cassette as a non-file structured device

similar to a paper tape reader or punch. Thus, the command:

CSA2: <DSK: SI SCO. BN

would perform the same operation with MCPIP as the command:

*CSA2:<SISC0. BN/I

would perform with OS/8 PIP.

If the user specifies a magnetic tape handler with a file name,

MCPIP considers the magnetic tape as a file-structured device and

assumes that it has the same format as a standard cassette.

Since MCPIP performs file transfers for all file types, there are

no assumed extensions assigned by MCPIP to file names for either

input or output files. All extensions, where present, must be ex-

plicitly specified, except when the /B option is used.

Following completion of a MCPIP operation, the Command

Decoder again prints an asterisk at the left margin and waits for

another MCPIP I/O specification line. The user can return to the

Keyboard Monitor by typing CTRL/C or by ending a MCPIP
specification line with an ALTMODE.

MCPIP OPTIONS
The various options allowed on a MCPIP I/O specification line

are detailed in Table 2-22.
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Table 2-22 MCPIP Options

Option Meaning

/B Transfer files in special CAPS-8 binary format. If the /B
option is used and no extensions are specified, MCPIP as-

sumes .BN for OS/ 8 files and .BIN for cassette files.- If

input is from PTR: (high-speed paper tape reader), the

paper tape must be positioned on the leader.

[ ] The square bracket ([]) option allows the user to specify a

decimal file type on a cassette output file. The notation in

brackets does not refer to the file sizes in this case. Hence,

to create a file with the name CAS50.BI on cassette drive 1

anH tn'vf. it a flip. tvn« nf ^ thp user tvnp*'
ci--- — — 'j r - — ~ > —- vi

CSAl: CA550.BIC 33<

For output files other than cassette, square brackets have

the same meaning as in OS/ 8 PIP. For information on file

types, see the Cassette Programming System User's Manual
(DEC-8E-OCASA-B-D), Appendix E.

/D Delete the file specified from the output cassette or mag-

netic tape. The /D option is only valid if the output device

is a cassette or magnetic tape. For example:

*MTA1: OFILE</D

will delete OFILE from the magnetic tape on drive 1.

=n Specify in the low order 1 2 bits of n the number of words

(characters) per record which occur in the cassette or mag-
netic tape output file. The low order 12 bits of the n spec-

ification may be between and 1000 (octal), inclusive.

If not specified, 200 is assumed.

The = option need not be specified for cassette or mag-

netic tape input files because MCPIP will determine the

record size from the file's header record. If the output

record size specified is greater than 1000 or if an input

record size is 0, MCPIP prints an error message since it

cannot handle variable-length records. The high order 11

bits of the = option are used to specify the version num-
ber for the file. The = option is ignored if the output file

is not a cassette or magnetic tape file.
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Table 2-22 MCPIP Options (Cont.)

Option Meaning

/L Read the input cassette or magnetic tape directory and
write it onto the output file. Notice that in this case the

input file itself is not transferred, only the directory. The
/L option applies only if the input device is a cassette or

magnetic tape.

,/Z If no filename is specified, zero the cassette or magnetic
tape on the drive specified as output, by writing a sentinel

file on it. Every magnetic tape or cassette should be zeroed
before it is used for the first time. If a filename is speci-

fied (for a cassette or magnetic tape drive), write a sentinel

file after the file specified.

Although cassette or magnetic tape file names may have 3-

character extensions, OS/8 allows only 2-character extensions.

Thus, when looking up a cassette file, although all three characters

may be specified, only the first two are significant. For example,

CSAO.FILE.PAL might match a file called FILE.PAT. All files

on a standard cassette must be unique with respect to the file name
and the first two characters in the extension. On output, the third

character of the extension is always a space (unless the /B option

is specified).

NOTE
If CTRL/C is typed while a write operation

is in progress on a cassette or magnetic tape,

MCPIP writes an end-of-file before return-

ing to the Keyboard Monitor.

MCPIP Error Messages

Error messages which appear while MCPIP is running are

shown in Table 2-23. If an output file is specified on a cassette or

magnetic tape and a file by that name already exists, the file on
the output drive is deleted before any transfer is performed. If

MCPIP detects an error while a cassette or magnetic tape output

file is open, it tries to close the output file by writing a sentinel

file on the output cassette or magnetic tape.
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Table 2-23 MCPIP Error Messages

Message Meaning

CANNOT HANDLE VARIABLE
LENGTH RECORDS

CLOSE ERROR

device DOES NOT EXIST

ENTER ERROR

FETCH ERROR

file NOT FOUND

ILLEGAL * OR ?

ILLEGAL SYNTAX

INPUT ERROR

The records on the input and

output files specified are not the

same size. MCPIP cannot han-

dle variable length records.

MCPIP is not able to close the

file. A bad file just created on

magnetic tape or cassette must

be removed by placing a sentinel

'

file after the preceding file. (See

the /Z option.)

The device specified does not

exist on the OS/ 8 system. "De-

vice" is a set of four characters

given when MCPIP expected an

OS/ 8 device name such as

DTAO.

Error occurred while trying to

enter an output file. This mes-

sage usually means that the cas-

sette or magnetic tape has no

sentinel file.

Error occurred while trying to

fetch an OS/ 8 device handler.

The file specified cannot be

found. "File" is the actual name

of the file that was not found.

Wild card * or ? was specified

in a MCPIP command line.

MCPIP does not accept the

wild card construction.

The command line to the Com-

mand Decoder contains an ille-

gal character or was incorrectly

formatted.

An input error occurred while

reading the file.
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Table 2-23 MCPIP Error Messages (Cont.)

Message Meaning

NO INPUT FILE

NO OUTPUT FILE

OUT-IN

OUTPUT DEVICE FULL

OUTPUT ERROR

RECORD SIZE TOO BIG

TOO MANY FILES

No input file was specified

when one was required.

No output file was -specified

when one was required.

Both the input and the output

devices were specified as the

same cassette or magnetic tape

drive.

Either room on device or room
in the directory is lacking.

Output error—possibly a

WRITE LOCKed device, parity

error, or attempt to output to a

read-only device.

The output record size specified

is greater than lOOO or an input

record size is 0.

More than 1 output device was

specified or more than 1 input

device was specified.
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PIP10

PIP10 is an OS/8 utility program used to provide file com-
patability with the DECsystem-10 computer. PIP10 is capable

of transferring files to and from DECsystem-10 formatted DEC-
tapes. PIP10 provides the facilities for transferring ASCII, Image
(PAL10 binary output), and sequenced ASCII (LINED output)

files.

PIP10 uses an internal DECsystem-10 DECtape routine. This

routine optimizes file storage in the same way that the DECsystem-
10 Monitor does, thus resulting in the most efficient algorithm for

block storage.

PIP1 has the following features:

• Antnmatirallv Hf»tprmin*»c u/fiic'h r»f the* ct-»c»^ifi*»r1 TYRf"Vor\<»Q

is a DECsystem-10 tape (384(10) words/blocks).

• Works interchangeably on TC08 and TD8E DECtape con-

trollers.

• Reads and writes to DECsystem-10 tapes in both forward

and reverse directions on TC08 tapes, forward only on

TD8E.
• Keeps the DECsystem-10 DECtape directory in. core during

the file-copying operations of PIP 10, thus eliminating the neces-

sity for rereading the directory. The directories are purged from

core when PIP10 reads another command line.

• Permits transfers between two OS/8 devices as well as trans-

fers between two DECsystem-10 tapes.

• Zeroes DECsystem-10 DECtape directories, deletes DEC-
system-10 files, and lists DECsystem-10 directories.

Note that PIP10 cannot be used while running the OS/8 BATCH
program.

Calling and Using PIP10

To use PIP 10, type:

.R PIP10

PIP10 responds with an asterisk (*) and waits to receive a com-
mand line of I/O files and options. The command line must have

one output specification and may have from zero to nine input

specifications. Multiple input files are merged onto the output file.
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A DECsystem-10 file name may have a 0- to 3-charaeter file ex-

tension; an OS/8 file name may have a 0- to 2-character extension.

Remember that PIP 1 automatically determines which DECtape
mounted is a DECsystem-10 tape. Thus no indication of that na-

ture is "necessary.

Following completion of a PIP10 operation, the PIP 10 com-
mand decoder again prints an asterisk at the left margin and waits

for another PIP 10 I/O command line. To return to the Keyboard
Monitor, type CTRL/C.

NOTE
PIP10 uses its own command decoder, not

the standard OS/8; however, the command
decoders are functionally the same.

PIP10 Options -

The various options allowed on a PIP 10 I/O command line are

detailed in the following table. The general format for PIP 10 com-
mand lines is the same as that for the standard OS/8 Command
Decoder.

Option Meaning

/B Transfer files in DECsystem-10 binary mode. The out-

put device must be a DECsystem-10 DECtape.

/D Delete the old copy of the output file before continuing

the transfer. If /D is not used, the file is copied before

the old copy is deleted.

/F List the short form of DECsystem-10 DECtape direc-

tory.

/I Copy in Image mode (compatible with PAL10 binary

files) rather than ASCII mode.

/L List the directory of the input device. This input device

must be a DECsystem-10 DECtape. If no output device

is specified, TTY is assumed to be the output device.

/P Preserve LINED sequence numbers in DECsystem-10
format. Sequence numbers are normally deleted.

/Z Zero the output device directory. The output must be
a DECsystem-10 DECtape.
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PIP10 Examples

The following examples assume that a DECsystem-10 DECtape

is mounted on DTA7. In an actual operation, any unit may be used

since PIP 10 can access any of the tape drives.

Example 1:

*DTA7: FILE. EXT< FILE. EX /Z

The command line in Example 1 zeroes the DECsystem-10

directory on DTA7 and transfers FILE.EX from DSK to the

DECsystem-10 DECtape on DTA7. If /Z is not specified, the

DECsystem-10 tape should always have a valid directory on it

U^f^^-o, ffoncfaro at*** dttf>mtxtf*(lUV1U1V tXU.lliJJ.WJLO WAV uvvwwi|/*»-.

Example 2:

*DTA7:FILE.EXT<DTAr:Pl,PTR: »> DTA7: PARZ, TTY:

In Example 2, five input files are merged onto one DECsystem-

10 output file (FILE.EXT). The first input file is an OS/8 file

(PI) on DTA1; the second and third files are read from the paper

tape reader; the fourth is a DECsystem-10 file named PARZ on

DTA7; and the fifth is from the terminal. This example shows that

input files need not be all OS/ 8 or all DECsystem-10.

Example 3:

*DTAl:FILE.BNC 103<DTA7: FILE. BIN /I

The command line in Example 3 copies the DECsystem-10 file

(FILE.BIN) in Image mode since the DECsystem-10 file is a

binary file. /I must be used to copy DECsystem-10 binaries. Note

the use of square brackets [ ] in the command; they have the same

meaning as in the OS/ 8 command decoder.

Example 4:

*DTA7:FILE.EXT</D

Example 4 indicates the deletion of a DECsystem-10 file

(FILE.EXT) from a device.
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Example 5

:

*DTA7:/L

If DTA7 has a DECsystem-10 DECtape mounted, the command
line in Example 5 will produce a directory listing of the device.

Error Messages

All errors cause PIP 10 to abort the current command and print

another asterisk. The command can then be entered correctly.

"Message Meaning

DEVICE FULL

ERROR DELETING FILE

FILE NOT FOUND

I/O ERROR

NO SUCH DEVICE

NOT OS8 FILE

NOT PDP-10 FILE

DECsystem-10 ran out

of space on the output

file during a transfer.

The output file of a /D
command was not found,

or an error occurred

which deleted the file.

The requested file was

not found on the speci-

fied device.

I/O device error, e.g.,

parity, write lock, out of

paper.

Device name used is not

legal in this OS/8 sys-

tem.
,

The output device speci-

fied with a /L or /F op-

tion was not an OS/8 de-

vice or file.

The output device speci-

fied with a /Z option was

not a DECsystem-10

tape, or the input device

specified with a /L or /F
option was not a DEC-
system-10 tape.
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Message

OUTPUT FILE OPEN ERROR

PIP 10 CANNOT BE CHAINED TO

SYNTAX ERROR

Meaning

The output file could not

be opened. Check: output

directory to ensure that

enough space exists on

the device.

Self-explanatory.

Invalid PIP 10 command

line.
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RESOURCES (RESORC)
RESORC is an OS/8 program that is used to determine the

device handlers present on a given OS/8 system. Other informa-

tion about the handlers is available through the use of RESORC
options.

Calling and Using RESORC
To call RESORC from the system device, type:

R RESORC

in response to the dot printed by the Keyboard Monitor. RESORC
may also be called via the CCL command RES (see the CCL
section in Chapter 1). The Command Decoder prints an asterisk at

the left margin and waits to receive a line of I/O files and options.

RESORC accepts up to nine input files and performs output to a

single output file; options generally are placed at the end of a com-

mand string.

The output specification is the device, and optionally the file

name -and extension, to which the RESORC listing is sent. TTY is

assumed if no output device is specified: If no file name is specified,

RE is assumed. If no file name extension is specified, .LS is as-

sumed.

The input specification may be one of three types:

A. No input specification

If no input specification is entered, the OS/8 system device

is assumed.

B. A device name only (dev:)

If the input specification is a device name only, the device

must be file-structured and is presumed to contain a valid

OS/8 directory and Keyboard Monitor. The device handlers

built into the system on that device are the ones listed by

RESORC. These handlers are not available to the user

unless he bootstraps onto the specified device (see the

BOOT program in this chapter).

C. A device and a file name (dev:file.ex)

If this type of input specification is used, the file must be

what is known as a system-head file. (Such files are created

by the /Y option in PIP and are copies of the system por-

tions of devices.) If no file name extension is specified, the
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extension .SY is assumed. RESORC prints the handlers in

the system that were saved on the specified file. System-head

files are 50 (decimal) blocks long.

RESORC Options

RESORC has three operating modes which are specified by

options in the command line. These modes are:

Option Mode

/E Extended mode—detailed handler information

/F Fast mode—1-line printout (default)

/L Limited mode—3-column printout

FAST MODE (/F OPTION)
Tf the /F ontion is snecified in a RESORC command line:, or

if no options are specified, RESORC prints the permanent device

names for handlers which exist on the system. If RESORC cannot

determine the ASCII device name for one of the devices, it prints

the internal octal representation of the device name and encloses it

in parentheses. (This octal representation is included in the OS/8

Software Support Manual.) For example:

.R RESORC
*/F
SYS* DSK,DTA2, DTA0* DTA1* < 4667) , TTY, LPT

The first two devices are always SYS and DSK. When the fast

mode is used, the devices are separated by commas and listed in

order of their internal device numbers.

LIMITED MODE (/L OPTION)
If the /L option is used in a RESORC command line, the

handler information is printed in three columns. For example:

.R RESORC
*/L

128 FREE BLOCKS

NAME TYPE USER
SYS RK8E
DSK RK8E IN
DTA0 TC08
TTY TTY
LPT LPTR LPT

OS/8 V3F
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Preceding the table of device names, RESORC prints the num-
ber of free blocks on the device. This information is not given for

system-head files since it is not available.

The first column (NAME) lists the permanent names of devices

on the system. The second column (TYPE) lists the physical type

of the handler. Each type of device is assigned a unique number by
OS/8. RESORC associates this number with a name as listed in

Table 2-24. Note that physically different devices which are

similar in function have the same internal type code. For example,

line printers LP08, LS8E, and L645 have an internal code of 04.

The third column (USER) lists the name given to the device with

the Monitor ASSIGN command. If RESORC cannot determine the

name from the internal octal, it prints the octal code enclosed in

parentheses.

Table 2-24 RESORC Device Types

Internal RESORC -

Type Code Name Explanation

00 TTY Console terminal

01 PTR Paper tape reader

02 PTP Paper tape punch
03 CR8E Card reader

04 LPTR Line printer

05 RK RK8 disk

06 RF08 RF08 disk (1 platter)

07 RF08 RF08 disk (2 platter)

10 RF08 RF08 disk (3 platter)

11 RF08 RF08 disk (4 platter)

12 DF32 DF32 disk (1 platter)

13 DF32 DF32 disk (2 platter)

14 DF32 DF32 disk (3 platter)

15 DF32 DF32 disk (4 platter)

16 TC08 TC08 DECtape
17 LINC LINCtape
20 TM8E Magnetic tape

21 TD8E TD8E DECtape
22 BAT Batch input handler

23 RK8E RK8E disk

24 NULL NULL handler

27 TA8E Cassette

30 VR12 PDP-12 scope
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Codes 25-26 and 31-37 are reserved for future use by Digital.

Codes 40-57 are reserved for user handlers.

EXTENDED MODE (/E OPTION)
When the /E option is used in a command line, RESORC pro-

vides more detailed information about the handlers configured into

the system. The /E option produces a table with the following

headings.

Heading Meaning

NAME

TYPE
MODE

SIZ

BLK

KIND

jLjjLL&maJ. ufcviuo liuiiiuti. xOjl uiq ii<uiu.xc-i. jLi. a iiuIHuui

is missing, there is no internal number for this

handler.

Permanent device name for the handler. If RESORC
cannot determine the name, it prints the internal

coding.

Type of device as listed in Table 2-24.

One or more of the following three letters:

R The handler may be used for reading.

W The handler may be used for writing.

F The handler controls file-structured devices.

The size of the device in decimal OS/8 blocks. This

is only applicable for file-structured devices.

The block on the system device in which this handler

resides. If this number is followed by a +, this

indicates that the handler is two pages long. If this

entry is SYS, the handler is permanently resident in

core location 07600.

This entry tries to differentiate the handler more

specifically than the TYPE column. Since several

devices of the same type have the same device code,

there may be several handlers for the same device. If

the device type has only one handler, this entry may
be blank. The KIND specification has no meaning for

user-written handlers. Table 2-25 details the kinds of

handlers that may be on the system.
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Table 2-25 Kinds of Handlers

Kind Type Description How Identified

AS33 TTY 1 -page handler by number of pages

KL8E TTY 2-page handler by number of pages

KS33 PTR low-speed reader by IOT codes

PT8E PTR high-speed reader by IOT codes

KS33 FTP low-speed punch by IOT codes

PT8E PTP high-speed punch by IOT codes

026 CR8E DEC-026 card codes by table codes

029 CR8E DEC-029 card codes by table codes

LP08 LPTR old LP08 handler location dependent

LS8E LPTR old LS8E handler location dependent

LV8E LPTR LP08/LS8E/LV8E
handler

location dependent

LV8E LPTR LPSV altered for

LV8E
location dependent

L645 LPTR Anelex line printer location dependent

u

u
<r

i

2

3

4

5

6

7

Unit—the particular unit number of a multiple unit

device handler. For example, the RK8E disk can

have as many as four physical drives (0, 1, 2,. 3) on

an OS/8 system. OS/8 considers the disk cartridge

in each drive as two logical units. The lower half is

the A unit and the upper half is the B unit. Thus

drive 2 consists of two logical units called A2 and

B2.

Since the U column in the printout has space for only

one character, RESORC numbers the logical units

from to 7. The following table shows the cor-

respondence between the U printout, the logical unit,

and the physical device.

Logical Physical

Unit -Device

A0
BO
Al 1

Bl 1

A2 2

B2 2

A3 3

B3 3
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V Version number (letter) of handler. No entry means

the handler predates OS/8 Version 3. Version num-
bers are of the form A-Z. The 6-bit of the ASCII
representation of the handler version letter resides

in the handler's entry point location. For example, a

handler with a version of A has a representation of

01. (See Appendix A for a list of the 6-bit octal

codes.)

ENT The relative entry point of the handler.

USER Same as for /L option. Current user name for the

handler as assigned by the Monitor ASSIGN com-

mand. -
..

-

In addition to the preceding, the /E option also provides the

following information. If a device was specified, as opposed to a

system-head file, RESORC prints:

• number of files in directory

• number of blocks used

• number of segments used

• number of free blocks

• number of empties

• number of additional information words

RESORC also lists the following:

• number of free device slots

• number of free block slots

• version number of Monitor if device is a system device

.R RESORC
*/E

164 FILES IN 1025 BLOCKS USING 6 SEGMENTS
2167 FREE BLOCKS (14 EMPTIES)

# NAME TYPE MODE SI Z BLK KIND U V ENT USER
01 SYS RK8E RWF 3248 SYS B 07
02 DSK RK8E RWF 3248 SYS B 07
03 DTA0 TD8E RWF 7 37 16+ TD8A A 10
04 DTA1 TD8E RWF 7 37 16+ TD8A 1 A 14
05 RKB0 RK8E RWF 3248 SYS IB 21
06 TTY TTY RW 17+ KL8

E

C 176
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07 PTP PTP W 20 PT8E A 00

10 PTR PTR R 20 PT8E A 112

11 LPT LPTR W 21 LPSV B 03

FREE DEVICE SLOTS:
OS/8 V3F

06j FREE BLOCK SLOTS: 04

RESORC Error Messages

The following messages may appear during a RESORC opera-

tion.

Table 2-26 RESORC Error Messages

Message

?BAD DIRECTORY
%BAD MONITOR

%DEVISNOTFILE
STRUCTURED

7INPUT ERROR

%NON SYSTEM DEVICE

%NOT A SYSTEM HEAD

70UTPUT DEVICE FULL

70UTPUT DEVICE IS

READ ONLY
70UTPUT ERROR

71TY DOES NOT EXIST

Meaning

Input device directory cannot be read.

The input device may be a system de-

vice but the Monitor cannot be ac-

cessed.

The input device specified is not a file-

structured device, e.g., PTR.

An input error occurred during a

RESORC operation.

The input device specified in a RE-

SORC command line is not an OS/

8

system device.

The file name specified is not a system-

head file.

The output device specified does not

have enough room to copy the RE-

SORC file.

The output device specified is a read-

only device, e.g., PTR.

An error occurred while attempting to

output during a RESORC operation.

An output device was not specified in

the RESORC command line and the

TTY handler does not exist on the

OS/ 8 system. See the BUILD section

of this chapter for instructions on in-

serting TTY handlers.
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SRCCOM
SRCCOM is an OS/8 utility program which compares two source

files line by line and prints all their differences. Usually, the two
files are different versions of a single program, in which case
SRCCOM prints all the editing changes which transpired between
the two versions, making it a useful debugging tool.

SRCCOM Assembly Instructions

To make SRCCOM.BN from SRCCOM.PA, type

.R PAL8
*dev:SRCCOM(,dev:SRCCOM.LS) ^-dev:SRCCOM

The listing file shown in parentheses is optional.

To make SRCCOM.SV from SRCCOMBN tvne-j c

.R ABSLDR
*dev:SRCCOM$
.SAdev SRCCOM

To load and save the binary papertape (DEC-S8-OSYSA-<-PB19)

.R ABSLDR
*PTR: $t (Type and character in response to t)

.SAVE dev SRCCOM

Loading SRCCOM
To use SRCCOM, type

• R SRCCOM
* OUTPUK I N PUT 1 , I N PUT2

INPUT 1 and INPUT2 are the source files to be compared and the
input devices. Both files must be specified and be non-empty. If an
input device is omitted, it is assumed to be DSK.
OUTPUT specifies the output file and device where the differences

will be listed. If an output file name is specified, the default output
device is DSK. If the output device is non-file structured, a file name
is unnecessary. If output is to a file-structured device, an output
file name must be specified. If no output specification exists, TTY
is assumed.

The following run-time options are accepted by SRCCOM:

2-128



Table 2-27 Run-Time Options

Option Meaning

/C Do not count differing comment fields as a difference.

/S Do not compare tabs and spaces when considering lines

different.

/T Convert tabs to spaces on output.

/B Count blank lines in the comparison. A blank line is con-

considered as a carriage return only. In particular space

carriage return combination under /S/B is not treated

as a blank line.

/X Like /C, but does not print comment fields on the out-

put file.

Examples:

. R SRCCOM
*DSK:DIFFIL<DTA1: ORI G« DTA2: COPY

Compare the source files ORIG on DTA1 and COPY on DTA2,

and store the differences on DSK as DIFFIL.

.R SRCCOM
*DI FFIL<FIRST> SECOND

Compare the source files FIRST and SECOND on DSK, and out-

put the differences to DIFFIL on DSK.

.R SRCCOM
*LPT:<DTAl: FILE1#PTR:
t

Compare source files FILE 1 on DTA1 and one from the high-

speed paper tape reader, and output the differences to the line

printer.

SRCCOM Output

The first line of output printed by SRCCOM is "SRCCOM Vx,

where x is the current version number, then two header lines fol-

lowed by as many difference groups as necessary. The header lines

are printed as follows:

file 1 ) header line of file 1

file 2) header line of file 2
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A difference group has the form:

1) /nnn line l,file 1

1) line 2, file 1

1) line 3, file 1

1

)

line n, file 1

****

2) /nnn line 1, file 2

2) line 2, file 2

2) line m, file 2

where nnn is the number of the difference group and lines 1

through n-1 of file 1 and 1 through m-1 of file 2 did not agree.

SRCCOM compares areas of the two programs, and prints differ-

ences until it finds 3 lines which agree. The last lines printed (line

n of file 1 and line m of file 2) are the first lines that agreed. The
number of consecutive lines to check for agreement may be changed

to any number (k) with the option =k in the command line.

Example:

File 1 File 2 SRCCOM OUTPUT

A
B X
C C
D D
E E
F G
G H
H J

I

J

file 1) A
file 2) A
1) B
1) C
****

2) X
2) C
********

1) F
1) G
1) H
1) I

1) J
S$£ If! sf: qc

2) G
2) H
2) J
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Occasionally a decimal number appears following the close pa-

renthesis after the file number. This decimal number indicates the

source page in this file from which this line and all following lines

(until the next such number) come.

If the two files are identical, SRCCOM prints the message:

NO DIFFERENCES

in the output file.

Error Messages

SRCCOM error messages are of the form

:

?n

where, n is a single digit. The meaning of the various digits are

?0 Insufficient core; this means that the differences be-

tween the files are too large to allow for effective com-

parison. Use of the /X option may alleviate this

problem.

?1 Input error on file # 1 or less than 2 input files specified.

?2 Input error on file #2.

?3 Output file too large for output device.

?4 Output error.

?5 Could not create output file.
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TECO
Introduction

OS/8 TECO is a powerful text editing and correcting program

that runs under the OS/8 operating system. OS/8 TECO may be

used to edit any form of ASCII text such as program listings, manu-

scripts, correspondence and the like. Since OS/8 TECO is a

character-oriented editor rather than a line editor, text edited with

OS/8 TECO does not have line numbers associated with it, nor

is it necessary to replace an entire line of text in order to change

one character.

Because OS/8 TECO is very versatile, it is necessarily com-
plex. This chapter is, therefore, divided into two parts. The first

part contains basic information and introduces enough OS/

8

TECO commands to allow the novice OS/8 TECO user to begin

creating and editing text files after only a few hours of instruction.

The introductory commands are sufficient for any editing applica-

tion; however, they are less convenient, in most cases, than the ad-

vanced commands presented later.

The second part introduces the full OS/8 TECO command set,

including a review of the introductory commands presented earlier.

This part also introduces the concept of OS/8 TECO as a pro-

gramming language and explains how basic editing commands may
be combined into editing "programs" which are sophisticated

enough to handle the most complicated editing tasks.

Specific examples of the use of OS/8 TECO commands have

been de-emphasized throughout this manual. This was done be-

cause all of the OS/8 TECO commands have a consistent, logical

format which will quickly become apparent to the novice user.

However, each section of the chapter is concluded with one or

more elaborate examples which employ most of the commands

introduced up to that point. Users who are learning the TECO
commands should experiment with each command as it is intro-

duced, then duplicate the examples on their computer. Hereafter,

OS/8 TECO will be referred to as simply TECO.

Introductory Commands
TECO considers text to be any string of ASCII codes. Text

is broken down into units of pages, lines and characters. A page

of text consists of all the ASCII codes between two form feed
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characters, including the second form feed. A line of text consists

of all the ASCII codes between two line feeds, including the second

line feed. A character is one ASCII code. Thus, every page of text

contains one form feed character, which is the last character on

the page. Every line of text contains one line feed, which is the

last character on the line.

TECO maintains a text buffer in which text is stored. The buffer

usually contains one page of text consisting of up to 4000 charac-

ters, but the terminating form feed character never appears in the

buffer. TECO also maintains a buffer pointer. The pointer is sim-

ply a movable position indicator which is always located between

two characters in the buffer, before the first character in the buffer,

or after the last character. The pointer is never located on a char-

acter.

Line feed and form feed characters are inserted automatically by

TECO. A line feed is automatically appended to every carriage

return entered into the buffer, and a form feed is appended to the

content of the buffer by certain output commands. Additional

line feed and form feed characters may be, entered into the

buffer as text. If a form feed character is entered into the buffer,

it will cause a page break upon output. That is, all text preceding

the form feed will appear on one page, and the text following the

form feed will appear on the next page.

Finally, TECO also maintains an input file and an output file,

both of which are selected by the user through use of file specifi-

cation commands. The input file is any device except the keyboard

from which text may be accepted. For example, if a block of text

is stored on paper tape, the paper tape reader would be specified as

an input device when the tape is edited.

The output file is any device except the user terminal on which

edited text may be written. If the paper tape file mentioned above

were to be edited and written onto DECtape, for example, the out-

put file would be a user-named DECtape file (with optional file ex-

tion) on a specified DECtape transport unit.

If TECO resides on the system device it may be called from the

keyboard by typing:

R TECO
(terminated with a carriage return) in response to the dot gene-

rated by the OS/8 monitor. TECO will respond by printing an as-

terisk at the left margin to indicate that it is ready to accept user
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commands. At this point, one or more commands may be typed
at the keyboard, and TEGO will execute the commands upon re-

ceipt of two consecutive ALT MODE characters. The ALT MODE
is a non-printing character which may be labelled ESCAPE on
some keyboards. TECO echoes a dollar sign ($) whenever an ALT
MODE is received.

A TECO command consists of one or two characters which
cause a specific operation to be performed. Some TECO com-
mands may be preceded or followed by arguments. Arguments may
be either numeric or textual. A numeric argument is simply an in-

teger value which might be used to indicate such things as the

number of times a command should be executed. A text argument
is a strincr nf ASfTT r/harnrtprc u/hi^h mir^t u& nm-J* «f tav« <u»

example, or the OS/8 designation of a storage file.

If a command requires a numeric argument, the numeric argu-

ment always precedes the command. If a command requires a text

argument, the text argument always follows the command. All
text arguments are terminated by a special character (usually an
ALT MODE) which indicates to TECO that the next character

typed will be the first character of a new command.
If more than one command is typed in response to the asterisk

generated by TECO, the command string will be executed from
left to right until either all commands have been executed or a
command error is recognized. When an error is encountered, a
message is printed and the rest of the command string is ignored.

In any case, TECO prints another asterisk at the left margin as

soon as it finishes execution of a command string, so that addi-

tional commands may be entered.

The extensive text editing capability of TECO implies a large

and versatile command set. However, the novice TECO user will

find that little more than a dozen basic commands suffice for most
editing requirements. The following section introduces the basic

TECO commands. The full command set will be described later in

this chapter.

TECO will accept input text from any input device in the OS/8
system. If input is supplied from any device except the keyboard,
the input device must be specified by means of an ER command
terminated by an ALT MODE. If the input device is a file-struc-

tured device such as disk or DECtape, the file name and extension
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(if any) should also be supplied. If a file name is specified but no

device is explicity defined, the OS/8 default device is assumed. The

ER command causes TECQ to search for the specified file and print

an error message if the file is not found. This command does not

cause any portion of the file to be read into the text buffer, how-

ever. The following examples illustrate use of the ER command.

Command Function

ERdev:filnam.ex$ General form of the ER command where "dev:

filnam.ex" is the OS/ 8 designation of the input

file. The command is terminated by an ALT
MODE, which echoes as a dollar sign.

ERPTR:$ Prepare to read an input file from the reader.

ERPROG.PA$ Prepare to read input file PROG.PA from the

OS/ 8 default device DSK.

ERDTA1 :PROG$ Prepare to read input file PROG from DTA1.

TECO will write output text onto any device in the OS/8 sys-

tem. If output is written onto any device except the user terminal,

the output device must be specified by means of an EW command
terminated by an ALT MODE. If the output device is a file-struc-

tured device, a file name and extension (if any) must also be sup-

plied. If a file name is specified but no device is explicitly defined,

the OS/8 default device is assumed. The following examples illus-

trate use of the EW command, which has the same format as the

ER command.

Command Function

EWdev:filnam.ex$ General form of the EW command where "dev:

filnam.ex" is the OS/8 designation of the output

file. The command is terminated by an ALT
MODE, which echoes as a dollar sign.

EWSYS:<TEXT.LS$ Prepare to write output file TEXT.LS on the

system device.

EWDSK:PROG$ Prepare to write output file PROG on the OS/

8

default device DSK.

EWTEXT.AS$ Prepare to write output file TEXT.AS on the

OS/ 8 default device DSK.

It is not always necessary to specify an input file. If the user de-

sires to create a file without using any previously edited text as
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input, he may insert the necessary text directly into the text buffer

from the keyboard and, at the end of each page, write the content

of the buffer onto an output file. Since all input is supplied from

the keyboard, no input file is necessary.

An output file is unnecessary if the user desires only to examine

an input file, without making permanent changes or corrections.

In this case, the content of the input file may be read into the text

buffer page by page and examined at the terminal. Since all output

is printed on the user terminal, no output file is needed.

TECO will only keep one input file and one output file open at a

time. The current input file may be changed by simply using the

ER command to specify a new input file. Before an output file may

be changed, it is essential that the current output file be closed by

means of an EF command (or one of the other file closing com-

mands presented later). If this is not done, the content of the file

may be lost. The EF command is presented below, along with sev-

eral examples of file specification command strings.

EF
Close the current output file. If the last EW command specified

a directory device file which already existed on the device (so that

TECO created a second file with the same file name and exten-

sion), the old version of the file is deleted at this time.

ERDTAl:INPUTTX$EWDTA2:OUTPUT.TX$$
Open an input file "INPUT.TX" to be found on DECtape unit 1

and an output file "OUTPUT.TX" on DECtape unit 2. If the file

OUTPUT.TX does not already exist, it will be created. The double

ALT MODE ($$) terminates the command string and causes the

string to be executed.

EFEWTEXTAS$$
Close the current output file and open an output file "TEXTAS"

on the OS/8 default device. Note that the ALT MODE which ter-

minates the EW command may be one of the two ALT MODEs
which terminate the command string.

ERPTR:$EFEWSYS:FILE$$
Read the input file from the high-speed paper tape reader, then

close the current output file and open "FILE" on the system device

as an output file.

The following commands permit pages of text to be read into

the TECO text buffer from an input device or written from the buffer
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onto an output device. Once a page of text has been written onto

the output file, it cannot be recalled into the text buffer unless the

output file is closed and then opened as an input file.

Command Function

Y Clear the text buffer, then read the next page of the input

file into the buffer.

P Write the content of the text buffer onto the next page of

the output file, then clear the buffer and read the next page

of the input file into the buffer.

nP Execute the P command n times, where n must be an in-

teger in the range 0<n<4095. If n is not specified, a value

of 1 is assumed. .

The buffer pointer provides the only means of specifying the lo-

cation within a block of text at which insertions, deletions or cor-

rections are to be made. The following commands permit the buffer

pointer to be moved to a position between any two adjacent char-

acters in the buffer. TECO positions the pointer before the first

character in the buffer after every Y or P command.

Command Function

L Move the pointer forward to a position between the next

line feed and the first character on the next line. That is,

advance the pointer to the beginning of the next line.

nL Execute the L command n times, where n may be any

integer A positive value of n moves the pointer to the

beginning of the nth line following the current pointer posi-

tion A negative value moves the pointer backward n lines

and"positions it at the beginning of the nth line preceding

the current position. If n is zero, the pointer is moved back

to the beginning of the line on which it is currently posi-

tioned.

C Advance the pointer forward across one character.

r»r Execute the C command n times, where n must be an in-

teger in the range -2048<n<2047. A positive value of n

moves the pointer forward across n characters (carriage

return/line feed counts two characters). A negative value

of n moves the pointer backward across n characters. It n

is zero, the pointer position is not changed.

These commands may be used to move the buffer pointer across

any number of lines or characters in either directions, however they
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will not move the pointer across a page boundary. If a C com-
mand attempts to move the pointer backward beyond the begin-
ning of the buffer or forward past the end of the buffer, an error

message is printed and the command is ignored.

If an L command attempts to exceed the page boundaries in this

manner, the pointer is positioned at the boundary which would
have been exceeded. Thus, the command "-2000L" would position
the pointer before the first character in the buffer. The command
"2000L" would position the pointer after the last character in the
buffer. No error message is printed in either case.

The following commands permit portions of the text in the buffer
to be printed out for examination. These commands do not move
the buffer pointer.-

Command Function

T Type the content of the text buffer from the current posi-
tion of the pointer through and including the next line feed
character.

nT Execute the T command n times, where n must be an in-
teger in the range -2048<n^2047. A positive value of n
causes the n lines following the pointer to be typed. A neg-
ative value of n causes the n lines preceding the pointer to
be typed. If n is zero, the content of the buffer from the
beginning of the line on which the pointer is located up to
the pointer is typed. This facilitates locating the buffer
pointer.

HT Type the entire content of the text buffer.

The OT command is particularly useful for determining the po-
sition of the buffer pointer. This command should be used fre-

quently to determine that the pointer is actually located where the
user expects it to be.

The following commands permit the user to insert or delete text

from the buffer.

Command Function

Itext$ Where "text" is a string of ASCII characters terminated by
an ALT MODE, which echoes as a dollar sign. The spec-
ified text is inserted into the buffer at the current position
of the pointer, with the pointer positioned immediately after
the last character of the insertion. Insertion commands
should be limited to a maximum length of 10 to 15 lines.
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Command Function

K Delete the content of the text buffer from the current posi-

tion of the pointer through and including the next line feed

character.

nK Execute the K command n times, where n may be any in-

teger. A positive value of n causes the n lines following the

pointer to be deleted. A negative value of n causes the n

lines preceding the pointer to be deleted. If n is zero, the

content of the buffer from the beginning of the line on
which the pointer is located up to the pointer is deleted.

HK Delete the entire content of the text buffer.

D Delete the character following the buffer pointer.

nD Execute the D command n times, where n may be any

integer. A positive value of n causes the n characters fol-

lowing the pointer to be deleted. A negative value of n

causes the n characters preceding the pointer to be deleted.

If n is zero, the command is ignored.

Like the L command, D and K commands may not execute

across page boundaries. If any D or K command attempts to delete

text up to and across the beginning or end of the buffer, text will

be deleted only up to the buffer boundary and the pointer will be

positioned at the boundary. No error message is printed.

The following commands may be used to search for a specified

string of characters which may occur somewhere in the input file.

They cause the buffer pointer to be positioned immediately after

the last character in the specified string, if it is found.

Command Function

Stext$ Where "text" is a string of from 1 to 31 ASCII characters

terminated with an ALT MODE, which echoes as a dollar

sign. This command searches the text buffer for the next

occurrence of the specified character string following the

current pointer position. If the string is found, the pointer

is positioned after the last character in the string. If it is

not found, the pointer is positioned immediately before the

first character in the buffer and an error message is printed.

Ntext$ Performs the same function as the S command except that

the search is continued across page boundaries, if neces-

sary, until the character string is found or the end of the

input file is reached. If the end of the input file is reached,

an error message is printed and it is necessary to close the

output file and reopen it as an input file before any further

editing commands may be executed.
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Both the S command and the N command begin searching for

the specified character string at the current position of the pointer.

Therefore, neither command will locate any occurrence of the char-

acter string which precedes the current pointer position, nor will it

locate any character string which continues across a page bound-

ary.

Both commands execute the search by attempting to match the

command argument character for character with some portion of

the buffer contents. If an N command reaches the end of the buffer

without finding a match for its text argument, it writes the content

of the buffer onto the output file, clears the buffer, reads the next

page of the input file into the buffer, and continues the search.

At this point, all of the basic TECO commands have been

introduced. Recall that TECO indicates it is ready to accept user

commands by printing an asterisk (*). Once TECO has printed an

asterisk, one or more commands may be typed at the terminal. Er-

rors may be corrected by typing the RUBOUT key to delete char-

acters. Each depression of the RUBOUT key deletes one charac-

ter, beginning with the last character typed, and then prints the

deleted character at the terminal. An entire command string may

be deleted in this manner, if necessary. Once the correct com-

mand^) have been entered, typing a double ALT MODE ($$)

causes TECO to execute the command(s) in the order they were

entered, and print another asterisk so that additional commands

may be typed.

If TECO encounters an erroneous command, it prints an error

message and ignores the erroneous command as well as all com-

mands which follow it. AH error messages are of the form:

?n

where n is a number which references the list of error codes that

appears at the end of this chapter. Every error message is followed

by an asterisk at the left margin, indicating that TECO is ready to

accept additional commands. If the first command entered after a

TECO-generated error message is a single question mark character

(?), TECO will print the erroneous command string up to and

including the character which caused the error message. This facil-

itates locating errors in long command strings and determining how

much of a command string was executed before the error was en-

countered.
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At the conclusion of an editing job, users may type control-C to

exit TECO and return to the keyboard. Control-C may be typed
at any time during an editing run; it will cause an immediate exit

to the monitor as soon as it is recognized by TECO. Control-C
should not be typed while any output file is open.

The following example illustrates how TECO may be used to
create an OS/8 FORTRAN program for immediate execution. The
same procedure may be employed to create and execute programs
under PAL8, SABR, and on so.

T-4:

. R TECO
+EWATEST.FTSS
*I WRITE<1,1)
1 F0RMATC ' COMPILER TEST')

RJ = 3
RK=7 -

X = . 5

RII = RK/RJ*(2-RK*RK/C 3.*RJ)>
R=10.6
S=3.5
RI = 5

RJ=2
RN=7
Z = R+S*RI /RJ*RN/3
WRITEC 1,2)RII,Z

1 FORMATCF10. 2, F12. 5)

END
$PEFS$
*t c
.K FA
*ATEST//=i.

US 2
ML 0017
. R TECO
ERATEST'.FT$EWBTEST.FT$Y$S

*SF10.$0LDI2$0LT$$
2 FORMATCF10.2, F12.5)
*PEF$$
*t c
. R FA
*BTEST.FT
COMPILER TEST

-8. 04 31.01667

User calls TECO, spec-

ifies output file, and cre-

ates FORTRAN source

program.

He then closes the file

and exits to the mon-
itor.

User calls FORTRAN
and executes test pro-

gram.

FORTRAN lists two er-

rors, so user calls

TECO and edits correc-

tions into new output
file.

User finally calls FOR-
TRAN and successfully

executes the text pro-
gram.

The remainder of this chapter is devoted to a detailed descrip-
tion of the full TECO command set. It is assumed that the reader
is familiar with the elementary TECO commands presented earlier.
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TECO Character Set

TECO accepts the full ASCII character set, which is presented

in Appendix A. Most terminals will not transmit and receive all of

the ASCII codes; however, characters that are not available on the

user's terminal may be inserted into the TECO text buffer by means

of special commands which will be presented later in this section.

TECO command strings may be entered by using upper case

characters, as indicated throughout this chapter, or by using the

corresponding lower case characters. A file which contains upper

and lower case text may be edited in the same manner as a file

which contains only upper case text. If such file is edited from a ter-

minal that does not accept lower case characters, all characters will

be printed at the terminal as their upper case equivalents.

TECO considers certain ASCII characters to be special charac-

ters. Most of the special characters are immediate action com-

mands. Typing these characters in a command string causes TECO

to perform a specified function immediately, without waiting for

the double ALT MODE which terminates the command string. Im-

mediate action commands may be entered at any point in a com-

mand string—even in the middle of a command or text argument.

For this reason, the special characters should not be used in text

arguments, except where specifically indicated throughout this

chapter.

Table 2-28 lists the special characters, their functions and the re-

strictions associated with each character.

Table 2-28 Restrictions on Special Characters

Character Restriction

ALT MODE The ALT MODE character is a command termin-

ator. It may not be used in the argument of any

command except where noted specifically through-

out this chapter. TECO echoes a dollar sign when

an ALT MODE is received. ALT MODE may be

labelled ESCAPE on some terminals.

RUBOUT Typing a RUBOUT character causes the last char-

acter typed to be deleted. Typing consecutive RUB-

OUTs deletes one character for each RUBOUT
typed, beginning with the last character typed.

TECO echoes the deleted character whenever a

RUBOUT is typed.
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Table 2-28 Restrictions on Special Characters (Cont.)

Character Restriction

CTRL/U

CTRL/C

CTRL/P

CTRL/G

CTRL/S

CTRL/U causes the current line to be deleted, and

eches a fU and a carriage return/ line feed.

CTRL/C causes an immediate exit from TECO to

the OS/ 8 Keyboard Monitor. If an output file is.

open when the CTRL/C command is executed, the

contents of the file will be lost.

CTRL/P causes an immediate branch to the start-

ing address of TECO.

Typing two.consecutive CTRL/G characters causes

all commands which have been entered but not

executed to be erased. (If the terminal has a bell, it

will ring.) This command is used to erase an entire

command string.

If CONTROL/ S is typed as the first character of a

new command string, the entire previous command
string, even if it was in error, is saved as a text

string in Q-Register Z. The previous contents, if

any, of Q-Register Z are destroyed.

The GTRL/Z character is used as an end-of-file terminator.

Inserting this character into a file may cause the file to be termin-

ated prematurely the next time it is read as an input file.

TECO also attaches special significance to the carriage return,

line feed, space and null characters. A line feed is appended to

every carriage return entered into the text buffer. Thus, it is neces-

sary to type a carriage return and then a RUBOUT in order to en-

ter a carriage return character which is not followed by a line feed.

Carriage return, line feed and space characters are ignored be-

tween commands in a command string; they may be inserted for

clarity or convenience whenever necessary. The null character

(CTRL-shift-P) is ignored by all TECO input commands.

Control characters which are not special characters (i.e. imme-

diate action commands) may,be included in the text argument of any

TECO command. When used in this manner, the control character

must be produced by striking the CONTROL key and a character

key simultaneously. TECO will echo an uparrow followed by the
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character which was typed whenever most control characters are

entered; however, some control characters do not echo, while

others, such as CTRL/L (form feed) or CTRL/G (bell) echo as

the function they perform.

Many control characters are also TECO commands. When a

control character is entered as a command, it may be produced by

striking the CONTROL key and the character key simultanteously

or else by typing an uparrow followed by the desired character.

This is advantageous because all control characters echo normally

when typed in the uparrow/character format.

File Specification Commands
An input file must be specified whenever TECO is requested to

accent text from anv source except the kevboard. An output file

must be specified whenever a permanent change is made to the input

file. Input and output files are selected by means of file specifica-

tion commands, which always include the OS/8 designation of the

input or output device. If the device is a directory device, the file

specification command also includes a file name and extension. If a

file extension is not explicitly defined, the null extension is issumed.

If a file name is specified but no device is explicitly defined,the OS/8
default device is assumed.

Almost every editing job begins with at least one file specification

command. Additional file specification commands may be executed

during an editing job whenever required; however, TECO will only

keep one input file and one output file active at a time, and the

same file may not be used for both input and output. When an out-

put file is opened on a directory device, it is essential that the file

be closed by a TECO file closing command before any other output

file is opened. If this is not done, the content of the file will be lost.

Note that a bulk storage (directory device) input file must be a

file that presently exists on the system. A bulk storage output file

may be a file which presently exists, in which case TECO will cre-

ate a second file with same name and extension, then delete the

original file when the file is closed. It may also be a nonexistent file,

in which case TECO will create the specified file. Table 2-29 lists

the full file specification command set.
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Table 2-29 File Specification Commands

Command Function

ERdev:filnam.ex$

EWdev : filnam.ex$

EBdev:filnam.ex$

EF

EC

EG

EX

CTRL/G

Opens a file for input where "dev:filnam.ex" is

the OS/ 8 file designation and "$" signifies an
ALT MODE.

Opens a file for output where "dev:filnam.ex" is

the OS/ 8 file designation and "$" signifies an

ALT MODE.

The EB command may be used for directory de-

vice files only. It opens file "dev:filnam.ex" for

input and file dev:filnam.BK for output then,

upon receiving any file closing command, switches

the file names before closing the files. Thus,

dev:filnam.ex is always the current, updated file

and "dev:filnam.BK" is the previous version of

the file, which may be retained as a backup file.

Closes the current output file.

Moves the remainder of the current input file to

the current output file, then closes the output file.

Performs the same function as the EC com-
mand, but then transfers control to the OS/

8

CCL Processor to re-execute the most recently

typed CCL command of the group: PAL, COM-
PILE, EXECUTE, and LOAD. This allows the

user to go from TECO to a compiler and then

to execution of a program without returning to

the OS/ 8 Keyboard Monitor.

Performs the same function as the EC command,
but then returns control to the OS/ 8 monitor.

Typing CTRL/G causes an exit to the OS/

8

monitor as soon as all previous commands have

been executed. It is equivalent to the uparrow
form of CTRL/ C.

Many editing jobs are most conveniently accomplished by using

the EB command to open the designated input file and backup file,

then terminating the job with either an EC command, which re-

turns control to TECO, or an EX command, which returns control

to the OS/ 8 monitor. Note that once a directory device output file

has been opened with an EW or EB command, it must be closed
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with an EF, EC, EG or EX command or else the content of the

file will be lost.

Page Manipulation Commands
The following commands permit whole pages of text to be read

into the text buffer from an input file or written from the buffer

onto an output file.

Table 2-30 Page Manipulation Commands

Command Function

A Appends the next page of the input file to the current con-

tent of the text buffer, thus combining the two pages of

text on a single page with no intervening form feed character.

Y Clears the text buffer and then reads the next page of the

input file into the buffer.

PW Writes the content of the buffer onto the output file and

appends a form feed character. The buffer is not cleared

and the pointer position remains unchanged.

nPW Executes the PW command n times, where n must be an

integer in the range 0<n^4095.

m,nPW Writes the content of the buffer from the m+lth character

through and including the nth character onto the output

file. M and n must be integers in the range 0<n<4095 and

m should be less than n. A form feed is not appended to

this output, nor is the buffer cleared. The pointer position

remains unchanged.

HPW Equivalent to the PW command except that a form feed is

not appended to the output.

P Writes the content of the buffer onto the output file, ap-

pending a form feed, then clears the buffer and reads the

next page of the input file into the buffer.

nP Executes the P command n times, where n must be an

integer in the range 0<n<4095.

m,nP Equivalent to m,nPW.

HP Equivalent to HPW.

All of the input commands listed in Table 2-30 assume that the

input file is organized into pages of less than 3800 characters each.

If any page of the input file contains more than 3800 characters,

the input commands will continue reading characters into the buffer
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until either the first line feed following the 3800th character is

read or the 4000th character is read, whichever comes first. Special

techniques for handling files with pages in excess of 4000 charac-

ters in length will be developed later in this section.

Buffer Pointer Manipulation Commands

Table 2-31 summarizes the complete buffer pointer manipulation

command set. These commands may be used to move the pointer

to a position between any two characters in the buffer, but they will

not move the pointer across either buffer boundary. If any R or C

command attempts to move the pointed backward past the begin-

ning of the buffer or forward past the end of the buffer, the com-

mand is ignored and an error message is printed. If any L command

attempts to exceed the buffer boundaries in this manner, the pointer

is positioned at the boundary which would have been exceeded. No

error message is printed.

Table 2-31 Buffer Pointer Manipulation Commands

Command ,.
Function

.

J Moves the pointer to a position immediately preceding the

first character in the buffer.

nJ Moves the pointer to a position immediately following the

nth character in the buffer. N must be an integer in the

range 0<n<4095.

ZJ Moves the pointer to a position immediately following the

last character in the buffer.

C Advances the pointer forward across one character.

nC Executes the C command n times, where n must be an

integer in the range -2048<n<2047. If n is positive, the

pointer is moved forward across n characters. If n is neg-

ative, the pointer is moved backward across n characters.

If n is zero, the pointer position is not changed.

—

C

Equivalent to —1C.

R Moves the pointer backward across one character.

nR Executes the R command n times, where n is an integer in

the range -2048<n^2047. If n is positive, the pointer is

moved backward across n characters. If n is negative, the

pointer is moved forward across n characters. If n is zero,

the pointer position is not changed.
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Table 2-31 Buffer Pointer Manipulation Commands (Cont.)

Command Function

—

R

Equivalent to —1R.

L Advances the pointer forward across the next line feed and
positions it at the beginning of the next line.

nL Executes the L command n times, where n is an integer in
the range -2048<n<2047. A positive value of n advances
the pointer to the beginning of the nth line following its

current position. A negative value of n moves the pointer
backwards to the beginning of the nth line preceding its

present position. If n is zero, the pointer is moved to the
beginning of the line on which it is currently positioned.

—

L

Equivalent to —1L.

Text Type-Out Commands
Table 2-32 summarizes the commands which may be used to type

out part or all of the content of the buffer for examination. These
commands do not move the buffer pointer.

Table 2-32 Text Type-Out Commands

Command Function

T Types °ut the content of the buffer from the current posi-

tion of the buffer pointer through and including the next
line feed character.

nT Executes the T command n times, where n is an integer
in the range -2048<n<2047. If n is positive, the n lines

following the current position of the pointer are typed. If

n is negative, the n lines preceding the pointer are typed.

If n is zero, the content of the buffer from the beginning
of the line on which the pointer is located up to the pointer
is typed.

-T Equivalent to -IT,

m,nT Types out the content of the buffer from the m-flth char-
acter through and including the nth character in the buffer.

M and n must be integers in the range 0<n<4095, and m
should be less than n.

.,.+nT Types out the n characters immediately following the buf-

fer pointer. N should be greater than zero.

.—n,.T Types the n characters immediately preceding the buffer

pointer. N should be greater than zero (i.e. —n should be
less than zero)

.

HT Types out the entire content of the buffer.
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Users may stop the execution of any T command by typing

CTRL/O at the keyboard. Typing CTRL/O terminates execution

of the current T command, causes all subsequent T commands to be

ignored while the rest of the current command string is executed.

When used in this manner, the CTRL/O must be entered while

TECO is actually in the process of typing out text at the terminal.

Deletion Commands
Table 2-33 summarizes the text deletion commands, which per-

mit deletion of single characters, groups of adjacent characters,

single lines or groups of adjacent lines.

Table 2-33 Text Deletion Commands

Command Function

D Delete the first character following the current position of

the buffer pointer.

nD Execute the D command n times, where n is an integer in

the range —2048<n<2047. If n is positive, the n char-

acters following the current pointer position are deleted. If

n is negative, the n characters preceding the current pointer

position are deleted. If n is zero, the command is ignored.

—

D

Equivalent to —ID.

K Deletes the content of the buffer from the current position

of the buffer pointer through and including the next line

feed character.

nK Executes the K command n times, where n is an integer in

the range -2048<n^2047. If n is positive, the n lines

following the current pointer position are deleted. If n is

negative, the n lines preceding the current pointer position

are deleted. If n is zero, the content of the buffer from the

beginning of the line on which the pointer is located up to

the pointer is deleted.

—

K

Equivalent to —IK.

m,nK Deletes the content of the buffer from the m+lth character

through and including the nth character. M and n must be

integers in the range 0^n<4095, and m should be less

than n.

HK Deletes the entire contents of the buffer. "-
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Insertion Commands
Table 2-34 lists the full text insertion command set. All text in-

sertion commands cause the string of characters specified in the

command to be inserted into the text buffer at the current position

of the buffer pointer. Following execution of an insertion command,

the pointer will be positioned immediately after the last character

of the insertion.

The length of an insertion command is limited primarily by the

amount of core available for command string storage. During nor-

mal editing jobs, it is most convenient to limit insertions to about

10 or 15 lines each. If a very long insertion command begins to ex-

ceed the TECO command storage capacity, TEC6 will ring the

terminal bell once when ten characters of storage remain and once

after each additional character that is entered. When this occurs,

the command string should be terminated immediately. Attempting

to enter more than 10 additional characters into the current com-

mand string causes a fatal error.

With the exception of the nl$ command, insertion command ar-

guments may contain any ASCII characters that are not special

characters. The nl$ command will insert any character into the

buffer, including the special characters.

Table 2-34 Text Insertion Commands

Command Function

Itext$ Where "text" is a string of ASCII characters terminated

by an ALT MODE, which echoes as a dollar sign. The
specified text string is entered into the buffer at the current

position of the pointer, with the pointer positioned imme-

diately after the last character of the insertion.

nl$ Where n is any ASCII code. This form of the I command
inserts the single character whose ASCII code is n into the

buffer at the current position of the buffer pointer. It may
be used to insert characters that are not available on the

user's terminal or special characters such as RUBOUT
which may not be inserted with the standard I command.

<I>text$ Where <I> is a tabulation, produced by pressing the

CONTROL key and the I key simultaneously. The TAB
character echoes as from one to eight spaces on most

terminals. This command is equivalent to the I command
except that the tabulation is also inserted into the buffer

immediately preceding the specified text string.
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Table 2-34 Text Insertion Commands (Cont.)

Command Function

@I/text/ Equivalent to the I command except that the text to be
inserted may contain ALT MODE characters as long as it

does not contain two consecutive ALT MODEs. A delimi-

ting character (shown as a slash here) must precede and
follow the text to be inserted. This delimiter may be any

character which does not appear in the insertion except for

the special characters.

Search Commands
In many cases, the easiest way to position the buffer pointer is

by means of a character string search. The search commands cause

TECO to scan through text until a specified string of characters,-

from 1 to 31 characters in length, is found and then position the

buffer pointer, at the end of the string. A character string search al-

ways begins at the current position of the pointer and proceeds in

the forward direction.

Table 2-35 Search Commands

Command Function

Stext$

FStextl$text2$

Where "text" is a string of 1 to 31 characters ter-

minated by an ALT MODE. This command
searches the text buffer for the next occurrence of

the specified character string following the current

position of the buffer pointer. If it is not found, the

pointer is positioned immedately before the first

character in the buffer and an error message is

printed.

The FS command is used to search for a character

string within the current editing buffer (function of

the S command) and replace it with another string.

If the string to be replaced is not found after the

current position of the buffer pointer and before the

end of the buffer, the search fails and no replace-

ment is made. Textl is the string to be deleted and

text2 is the string to be inserted in its place. If

text2 is omitted, textl is deleted without any string

replacing it. However, even when text2 is omitted,

its terminating ALT MODE must be present.
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Table 2-35 Search Commands (Cont.)

Command Function

FNtextl$text2$ The FN command is used to search for a character

string in a page of the input file which may not yet

have been read into the buffer (function of the N
command) and replace it with another string. If

the search fails no replacement occurs. Text 1 is the

string to be deleted and text2 is the string to be in-

serted in its place. If text2 is omitted, textl is de-

leted without any string replacing it. However, even

when text2 is omitted, its terminating ALT MODE
must be present.

<-text$ The backarrow command is identical to the N com-

mand except that the search is continued across

page boundaries by executing effective Y commands
instead of P or HPY commands, so that no output

is generated.

tRtextl$text2$ The 1|R command is identical to the FS command,

and is included only for compatibility with older

versions of OS/ 8 TECO.

If a search command is entered without a text argument, TECO
will execute the search command as though it had been entered with

the same character string argument as the last search command ex-

ecuted. For example, suppose the command "STHE END$" results

in an error message, indicating that character string "THE END"
was not found on the current page. Entering the command "N$"

causes TECO to execute an N search for the same character string.

Although the text argument may be omitted, the command termina-

tor (ALT MODE, in this case) must always be entered.

Any of the TECO search commands may be preceded by the

number n, in which case TECO will search for the nth occurrence

of the specified text string.

Any of the search commands listed above may be preceded by a

colon (:). The colon is a search command modifier which sup-

presses error message generation and causes the next sequential

command to be executed with an argument of zero, if the search

fails. If the search succeeds, the next sequential command is ex-

ecuted with an argument of -1. If the next sequential command be-

longs to the class of commands which require a positive argument

(0<n<4095), the -1 is interpreted as a positive 4095. If the next
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sequential command does not require an argument, it is excuted as

it stands. The following examples illustrate use of the colon modi-

fier.

COMMANDS: ' :Stext$

:nStext$

:Ntext$

:nNtext$

:<-text$

:n^text$

:FStextl$text2$

:nFStextl$text2$

:FNtextl$text2$

:nFNtextl$text2$

FUNCTION: In each case, execute the search command. If the

search is successful, execute the next sequential

command with an argument of —1 (or 4095, if it

is a command which must have a positive argu-

ment). If the search fails, execute the next com-

mand with an argument of zero. If the next com-

mand does not require a numeric argument, execute

it as it stands.

The @ character is another search command modifier. Inserting

an @ character between the numeric argument of any search com-

mand and the command itself causes TECO to accept the first char-

acter following the command as a delimiting character which will

will also be the command terminator. This character may be any

character which does not appear in the search command argument,

except for the special characters. When the @ command modifier

is used, search command arguments may contain ALT MODE
characters, as long as they do not contain two consecutive ALT
MODEs. The following examples illustrate use of the @ command

modifier.

COMMANDS: @S/text/

n@S/text/
@N/text/
n@N/text/
@«-/text/

n@^/text/
@FS/textl/text2/

n@FS/textl/text2/

-@FN/textl/text2/

n@FN/textl/text2/
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FUNCTION: In each case, execute the search command with

text string "text" as an argument. This argument

must be preceded and followed by a delimiting

character which does not appear in the argument

(a slash is shown here). The search command argu-

ment may contain ALT MODE characters, as long

as it does not contain two consecutive ALT
MODEs.

Match Control Characters

TECO executes a search command by attempting to match the

search command argument character-for-character with some por-

tion of the input file.

There are four special control characters that may be used in

search command arguments. These characters alter the usual

matching process that occurs when a search is executed. TECO
considers match control characters to be single characters (they

echo as two characters) and counts them as one of the maximum

31 characters in the search command argument. Table 2-36 lists the

match control characters and their functions.

Table 2-36 Match Control Characters

Character Function

CTRL/X A CTRL/X character indicates that this position in the

character string is unimportant.' TECO accepts every

other character as a match for control-X.

CTRL/S A CTRL/S character indicates that any separator char-

acter is acceptable in this position. TECO accepts any

character that is not a letter (upper or lower case A to

Z) or a digit (0 to 9) as a match for CTRL/S.

CTRL/N The CTRL/N character and the character following it

are treated as a single character in the search command
argument, but counted as 2 of the maximum 31 char-

acters. TECO accepts any character as a match for the

control-N/ character combination EXCEPT the character

which follows the CTRL/N. The combination CTRL/N/
CTRL/S is legal; TECO accepts any character which is

not a separator as a match for TNtS.

CTRL/Q A CTRL/Q character in a search command argument

indicates that the character following the CTRL/Q is to

be interpreted literally rather than as a command. This

character may be used to search for fX, tN, and |S char-

acters. It does not count as one of the maximum 31

characters in the search command argument.
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As with all other control characters entered into text arguments,

match control characters must be typed by holding the CONTROL
key depressed while striking the character key. The uparrow con-
struction may not be used.

Command Loops

The user may cause a command string to be executed any num-
ber of times by placing the command string within angle brackets

and preceding the brackets with a numeric argument which des-

ignates the number of iterations. Iterated command strings are

called command loops. Loops may be nested in such a way that

one command loop contains another command loop which, in

turn, contains other command loops, and so on. Command loops

should not be nested to more than about 15 levels.

The general form of a command loop is:

n<command string>

where "command string" is the sequence of commands to be
iterated and n is the number of interations. N must be a positive

integar. If n is not supplied, a value of 4096 is assumed.

If a search command which is not preceded by a colon modifier

is entered into a command loop and the search fails, the command
loop is exited immediately and the command following the right

angle brackets of the loop is the next command to be executed.

No error message is printed.

Q-Registers

TECO provides 36 data storage registers, called Q-registers,

which may be used to store single integers and/or ASCII character
strings. Each Q-register is divided into two storage areas. In the
number storage area, each Q-register can store one integer in the
range -2048^n^2047. In the text storage area, each Q-register

can store an ASCII character string of up to 2000 characters which
may be either text or a TECO command string. Each Q-register

has a single character name which is one of the upper case letters A
to Z or one of the digits to 9. In this manual, a Q-register name
is indicated by a lower case "q", which stands for any one of the

36 Q-registers.

Table 2-37 lists the commands which permit characters to be
loaded into the Q-registers.
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Table 2-37 Q-Register Loading Commands

Command

tUqstring$

@tU/ string/

nUq

n%q$

n%$

Xq

nXq

m,nXq

Function

Where |U is an uparrow-U character, "q" is the name

of a user-specified Q-register, "string" is a string

of ASCII characters, and "$" signifies an ALT

MODE. This command inserts character string

"string" into the text storage area of Q-register "q".

(Do not confuse uparrow-U with CTRL/U; CTRL/U

is an editing command.)

Equivalent to the 1U command except that the char-

acter string to be inserted into Q-register q may con-

tain ALT MODE characters as long as it does not

contain two consecutive ALT MODE characters.

The insertion must be delimited before and after by

any character (a slash is shown here) which does

not appear in the insertion.

Load n into the number storage area of Q-reg-

ister q, where n must be an integer in the range

-2049<n<2048.

Add n to the contents of the number storage area of

Q-register q, where n should be an integer that will

not cause overflow. If n is not present, it is assumed

to be equal to 2.

Equivalent to n%q$ except that the resulting value

contained in Q-register q is used as a numeric argu-

ment for the next command. If the next command

does not require a numeric argument, this value is

discarded.

Copy the contents of the buffer from the current

position of the pointer through and including the

next line feed character into the text storage area

of Q-register q.

Execute the Xq command n times, where n is an

integer in the range -2048<n<2047. If n is positive,

the n lines following the current pointer position are

copied into the text storage area of Q-register q. If

is negative, the n lines preceding the pointer are

copied. If n is zero, the contents of the buffer from

the beginning of the line on which the pointer is

located up to the pointer is copied.

• Copy the contents of the buffer from the m+lth

character through and including the nth character

into the text storage area of Q-register q. M and n

must be positive, and m should be less than n.
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Table 2-38 lists the commands which permit characters to be

retrieved from the Q-registers.

Table 2^38 Q-Regjster Execution Commands

Command Function _^
Gq Copy the contents of the text storage area of Q-register

q into the buffer at the current position of the buffer

pointer, leaving the pointer positioned after the last char-

acter copied.

Qq Use the integer stored in the number storage area of

Q-register q as the argument of the next command. The
characters "Qq" may be considered as equivalent to "the

value contained in the number storage area of Q-register

q", where "q" is any Q-register name.

Mq Execute the contents of the text storage area of Q-register

q as a command string.

nMq Execute the contents of the text storage area of Q-register

q as a command string and use n as a numeric argument
for the first command in this string. ~_

Branching Commands
TECO commands may be combined in sophisticated command

strings Which are capable of solving even the most complex editing

problems. In fact, TECO might be considered a programming

language which accepts an input file as data and processes this

input to produce an output file. As with most programming lan-

guages, TECO provides an unconditional branch command and a

set of conditional execution commands.

To provide for branching within a command string, there must
be some means of naming locations inside the string. TECO per-

mits location tags which have the form:

Stag'!

to be placed between any two commands in a command string. The
name "tag" will be associated with this location when the com-
mand string is executed. Tags may contain any number of ASCII
characters and any character except for special characters and
exclamation points. Since tags are ignored by TECO except when
a branch command references the tagged location, they may also

be used as comments within complicated command strings.
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The unconditional branch command is the O command which

has the form:

Otag$

where "tag" is a named location elsewhere within the command

string and "$" signifies an ALT MODE. When an O command is

executed, the next command to be executed will be the command

following the tag referenced by the O command, and command exe-

cution continues normally from this point.

If an O command is stored in a Q-register as part of a command

string which is to be executed by an M command, the tag refer-

enced by the O command must also reside in the same Q-register.

An important restriction on the O command prevents any O
command which is inside a command loop from branching to a

tagged location preceding the command loop. However, it is always

possible to branch out of a command loop to a location which

follows the command loop.

Conditional Execution Commands
All conditional execution commands are of the form:

n"Gcommand string'

where "n" is a numeric argument on which the decision is based,

"G" may be any of the conditional executional commands listed in

Table 2-39, and "command string" is the command string which

will be executed if the condition is satisfied. If the condition on n is

not satisfied, the command string will not be executed. Note that

the numeric argument is separated from the conditional execution

command by a double quote (") and the command string is

terminated with an apostrophe (').

Conditional execution commands may be nested in the same

manner as iteration commands. That is, the command string which

is to be executed if the condition on n is met may contain con-

ditional execution commands, which may, in turn, contain further

conditional execution commands.

Table 2-39 lists the conditional execution commands. Each

conditional execution command must be followed by a command

string (not shown in Table 2-39) which will be executed only if

the condition is satisfied. This command string must be terminated

by an apostrophe. If the condition is not satisfied, the first com-

mand following the apostrophe will be the next command executed.
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Table 2-39 Conditional Execution Command

Command Function

n-m"A Execute the following command string (terminated by an

apostrophe) if n is greater than or equal to m. Otherwise

skip the following command string. N and m should be

integers in the range 0^n^4095.

n-m"B Execute the following command string (terminated by an

apostrophe) if n is less than m. Otherwise skip the fol-

lowing command string. N and m should be integers in

the range 0<n<4095.

n"G Execute the following command string (terminated by an

apostrophe) if n is greater than zero. Otherwise skip the

following command string. N must be an integer in the

range -2048<n<2047.

n"L Execute the following command string (terminated by an

apostrophe) if n is less than zero. Otherwise skip the fol-

lowing command string.

n"E Execute the following command string (terminated by an

apostrophe) if n is equal to zero. Otherwise skip the fol-

lowing command string.

n"C Execute the following command string (terminated by an

apostrophe) if n is the decimal ASCII code of any char-

acter which is one of the upper or lower case letters A to

Z or one of the digits to 9. Otherwise skip the following

command string.

In general, integers "n" and "m" will be variables (e.g. the con-

tent of a Q-register) whose values are computed during execution

of the command string.

There is one further conditional execution command which is

not related to the commands listed in Table 2-39. The n; command,

where n is any integer, may be inserted between any two commands

in an iterated command loop. It has the general form:

m<stringl n;string2>string3

where "m" is the iteration count, "stringl", "string2", and "string3"

are command strings and "n;" is the conditional exit command.

When the n; command is executed, it will cause TECO to exit the

command loop so that "string3" will be executed next if n is in

the range 0<n<2047. If n falls outside this range, the n; command
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is ignored and
u
string2'* is executecHiext. The semicolon may be

preceded by an argument such as ,Qq (the value, of the numeric

part of Q-register q), orthe argument may be omitted if the semi-

colon command is preceded by a command that generates an
argument, such as any colon-modified search command;
Note that all unmodified search commands entered within com-

mand loops are executed as though they were preceded by a colon

and followed by a semicolon. If the search command is preceded.

by a colon modifier, however, it will be executed as it stands.

The conditional execution commands will accept user-supplied

numeric arguments (n and m Table 2-39) of the same form as

most other TECO commands. This is generally a trivial case, how-
ever, because the user will know in advance whether the condition

is satisfied, and need not use the conditional execution command.
The following section introduces run-time numeric quantities com-
puted by TECO which may also be used as numeric arguments.

Numeric Arguments

Almost all TECO commands may be preceded by a numeric
argument which generally indicates the number of iterations; or
how many times the command should be executed. Some numeric
arguments must be positive, while others may be negative or zero.

In any case, every numeric argument is stored as a single, 12-bit

word.

This leads to an important restriction on the maximum size of

any numeric argument. Commands which require positive argu-^

ments must have an argument in the range 0<n<4095, since 4095
is the largest. number which may be stored in one 12-bit word.

Commands which may have positive or negative arguments require

an argument in the range -2048<n<2047, because -2048 is the

smallest number which may be stored in 12 bits using 2's comple-

ment notation, while 2047 is the largest number which may be

stored in this manner.

TECO maintains several internal counters which record con-

ditions within the text buffer. Each of the counters has a one-

character name which is equivalent to the current contents of the

counter. These characters may be entered as numeric arguments to

TECO commands. When the command is executed, the current

value of the designated counter is substituted for the character and
used in the numeric argument of the command.
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Some of the characters which stand for specific values associated
with the text buffer have been introduced earlier in this section.

For example, the dot character (.), which references a counter that

always contains the number of characters between the beginning
of the buffer and the current pointer position, may be used in the
argument of a T command. The command ". , .+5T" causes the

5 characters following the buffer pointer to be typed out. When
this command is executed, the number of characters preceding the
buffer pointer is substituted (twice) for the character "dot." The
addition is then carried out, and the command is executed as
though it were of the form "m,nT".

Table 2-40 lists all of the characters which have special

numeric values. Any of these characters may be used as numeric
arguments in place of the values they represent.

Table 2-40 Characters Associated with Numeric Quantities

Character Function

B Always equivalent to zero. Thus, B represents the position
at the beginning of the buffer, preceding the first character
in the buffer.

Z Equivalent to the number of characters currently con-
tained in the buffer. Thus, Z represents the position at the
end of the buffer, following the last character in the buffer.

Equivalent to the number of characters between the be-
ginning of the buffer and the current position of the
pointer, thus represents the current position of the pointer.

H Equivalent to the numeric argument pair, "B,Z", or "from
the beginning of the buffer up to the end of the buffer."
Thus, H represents the whole buffer.

tZ CTRL/Z (or uparrow/Z) is equivalent to the number of
characters presently stored in the entire Q-register storage
area, including storage requirements for the command string

containing the TZ character. Maximum capacity of the
Q-register storage area is 2000 characters on an 8K sys-
tem, or 2944 characters on a 12K system.

nA Where n is a positive integer. Equivalent to the ASCII code
for the n+lth character following the current position of
the pointer.
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Table 2-40 Characters Associated with Numeric Quantities (Cont.)

Character Function
_

|E CTRL/E (or uparrow/E). is equivalent to 4095 (-1) if

the buffer currently contains a full page of text (which was

terminated by a form feed in the input file) or if the

buffer contains only part of a page of text (which filled

the buffer to capacity before the terminating form feed

was read). The f£ flag is tested by N, EC and EX com-

mands to determine whether a form feed should be ap-

pended to the content of the buffer on output.

fF CTRL/F (or uparrow/F) is equivalent to the current

value of the console switch register.

tfX The combination of CTRL-shift-N (or a double uparrow)

followed by any character is equivalent to the value of the

ASCII code for the character. The "X" in this example

may be any character except CTRL/C and CTRL/ P.

\ A backslash (shift-L) character which is not preceded by

a numeric argument is equivalent to the value of the digit

string (if any) that begins with the character immediately

following the buffer pointer and is terminated by the next

character that is not a digit. The first character may be a

digit or one of the characters + or — . As each backslash

is evaluated, TECO moves the buffer pointer to a position

immediately following the digit string. If there is no digit

string following the pointer, the backslash is equivalent

to zero and the pointer position remains unchanged.

tT CTRL/T (or uparrow/ T) is equivalent to the ASCII code

for the next character typed at the terminal. CTRL/T

(or uparrow/ T) may be entered in the numeric argument

of any command. When TECO executes a command string,

every tT character encountered causes it to pause and

accept one character typed at the terminal. The ASCII

code for this character is then substituted for the fT.

tV CTRL/V (or uparrow/V) is equivalent to the version num-

ber of the version of TECO which is currently being run.

This manual describes TECO version 3.

tH ' CTRL/H (or uparrow/H) is equivalent to zero.

Mq The Mq command (execute the content of the text storage

area of Q-register "q" as a command string) may return

a numeric value if the last command in the string returns

a numeric value and is not followed by an ALT MODE.
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The numeric argument of a TECO command may consist of a

single integer, any of the characters listed in Table 2-40, or an

arithmetic combination of integers and the characters listed in

Table 2-40. If an arithmetic expression is supplied as a numeric

argument, TECO will evaluate the expression. All arithmetic ex-

pressions are evaluated from left to right. Parentheses may be used

to override the normal order of evaluating an expression. If par-

entheses are used, all operations within the parentheses are per-

formed, from left to right, before performing operations outside

the parentheses. Parentheses may be nested, in which case the

innermost expression contained by parentheses will be evaluated

first. Table 2-41 lists all of the arithmetic operators that may be

used in arithmetic expressions. All arithmetic is two's complement

arithmetic modulo 4096.

Table 2-41 Arithmetic Operators

Operator Example Function

+ +2=2

+ 5+6=11

— .. -2=4094

—

'

8-2=6

* 8*2=16

/ 8/3=2

& 12&10=8

#

Ignored if used before the first term in an

expression.

Addition, if used between terms.

Negation, if used before the first term in an

expression.

Subtraction, if used between terms.

Multiplication. Used between terms.

Integer divide and drop the remainder. Used

between terms.

Bitwise logical AND of the binary repre-

sentation of the two terms. Used between

terms.

12# 10=14 Bitwise logical OR of the binary representa-

tion of two terms. Used between terms.

Table 2-42 lists three .commands which may be used to facilitate

entering arithmetic expressions into TECO command strings.
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Table 2-42 Radix Control Commands

Command Function

n= Where n is an arithmetic expression which may contain

the operators listed in Table 2-12B. Upon execution,

this command causes the value of the expression to be

typed out at the terminal.

CTRL/O The CTRL/O command causes all subsequent numeric

input to be accepted as octal numbers and all subse-

quent numeric output to be transmitted in octal. This

command must not be typed while TECO is executing

a T command. The octal radix will continue to be used

until the next CTRL/D command is executed or a

command error is encountered. All error messages are

printed as decimal numbers, and the decimal radix re-

mains set after any error message is printed.

CTRL/D The CTRL/D command causes all subsequent numeric

input to be accepted as decimal numbers and all subse-

quent numeric output to be transmitted in decimal.

This is the initial setting.

n\ Where n is any arithmetic expression. The backslash

command (preceded by an expression) inserts the value

of n into the text buffer at the current position of the

pointer, leaving the pointer positioned after the last

digit of the insertion. The octal value of n will be in-

serted if the octal radix is set.

Some TECO commands generate numeric arguments which they

pass on to subsequent commands. An example is any colon-modi-

fied search command, which causes the next sequential command
to be executed with an argument of -1 or 0, depending upon the

outcome of the search. Commands of this sort are very useful, but

occasionally it may be undesirable to have arguments passed in

this manner. A single ALTMODE character may be inserted be-

tween any two commands in a command string, as long as it is not

placed adjacent to another ALTMODE character. This ALT-
MODE has no effect on the individual commands, however a

numeric argument will never be passed across the extraneousALT-
MODE.

Programming Aids

The characters carriage return, line feed, vertical tab and space

are ignored in command strings, except when they appear as part
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of a text argument. These characters may be inserted between any

two TECO commands to lend clarity to a long command string.

The carriage return/line feed combination is particularly useful

for typing command strings which are too long to fit on a single

line.

One of the most powerful features of TECO is its ability to store

very long command strings so that a given sequence of commands

may be executed whenever needed. Long command strings may be

thought of as edited programs and, like any other type of pro-

gram, they should be documented by means of comments.

Comments may be inserted between any two commands by

using a tag construction of the form:

!THIS IS A COMMENT!

Comments may contain any number of characters and any char-

acters except the special characters. It is often convenient to in-

clude carriage return and line feed characters within the com-

ments so that the command string looks like:

TECO commands! This comment describes line 1

!TECO commands! This comment describes line 2

!more commands!
!$$r end of command string!

The CTRL/A command may be used to print out a statement

at any point during the execution of a command string. The

CTRL/A command has the general form:

tAtexttA

where the first tA is the actual command, which may be entered by

striking the control key and the A key simultaneously or by typing

an uparrow followed by an A character. The second CTRL/

A

character is the command terminator, which must be entered by
' typing the control key and the A key simultaneously. The message

which appears between the CTRL/A characters may contain any

characters except the special characters and the tA character.

Upon execution, this command causes TECO to print the speci-

fied message at the terminal.

The tAmessagetA command is particularly useful when it pre-

cedes a command whose numeric argument contains tT or tF
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characters. The message may contain instructions notifying the

computer operator what sort of input is required.

A question mark character entered between any two commands
in a command string causes TECO to print all subsequent com-
mands at the terminal as they are executed. Commands will be

printed as they are executed until another question mark character

is encountered. The second question mark character may be in

the same command string as the first question mark, or it may
appear in a later command string. It may not be first character

typed after a TECO-generated error message, however.

If an error is typed while entering a command string, the error

may be corrected at any time before the double ALT MODE
which terminates the command string is typed. Characters may be
deleted individually by striking the RUBOUT key. Each depression

of the RUBOUT key deletes one character, beginning with the last

character typed, and causes the deleted character to be printed at

the terminal. If an entire command string is deleted in this manner,
TECO responds by printing a new asterisk at the left margin.

Typing two successive CTRL/G characters causes the current

command string to be erased completely. The double CTRL/G
command should not be confused with the single fG command.
The double CTRL/G must be produced by holding the control

key depressed while striking the G key twice (if the terminal has

a bell, it will ring). The uparrow form of CTRL/G may not be

used for the double CTRL/G command.

Error Messages

When TECO encounters an illegal command or a command
that cannot be executed, a numeric error message is printed at

the terminal. Error messages are of the form:

?n

where "n" is a 1- or 2-digit decimal number that references an

error message from the list contained at the end of this section.

When an error message is generated, the command to which it re-

fers is not executed, the rest of the. current command string is

ignored, and TECO prints an asterisk at the left margin to indicate

that it is ready to accept further commands.

The tS character can be very useful. For instance, if a long

insertion is typed without the "I" in front of it and an error re-

sults, TS can be used to save the insertion, and the GZ command
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can be used to put it into the text buffer (including the trailing ALT
MODEs).

In some cases it may be difficult to determine which command

in a long command string resulted in an error message. Typing a

question mark immediately after the TECO-generated error mes-

sage causes TECO to print current command string up to and

including the erroneous character. When used in this manner, the

question mark must be the first character typed after the error

message is printed. It is not necessary to follow the question mark

with an ALT MODE.
In general, TECO command strings should be limited to a maxi-

mum of 2000 characters. Command strings exceeding 2000 char-

acters in length should be split into smaller strings. Long command

strings are impractical because the probability of a command error

is increased and because a string which contains more than 2000

characters is too long to be stored in a Q-register.

TECO reserves a limited amount of core for command string

storage. If a very long command string (or a long insertion com-

mand) uses all but the last 10. command string storage locations,

TECO prints one CTRL/G character as soon as only 10 storage

locations remain and another CTRL/G after every additional

character that is entered. (CTRL/G "prints" as a bell ring if the

terminal has a bell.) Should this occur, the current command string

must be terminated. Attempting to enter more than 10 additional

characters results in a fatal error.

Manipulating Large Pages

TECO is designed to operate most efficiently when edited files

that contain no more than 3800 characters per page. If any page

of an input file contains more than 3800 characters, the various

TECO input commands will terminate reading that page into core

when the first line feed following the 3800th character is read or

when the 4000th character is read, whichever occurs first. Thus, it

is never possible for a page which contains more than 4000 char-

acters to reside entirely within the text buffer.

Most of the-TECO output commands append a form feed to the

content of the buffer whenever a page of text is written onto the

output file. If an input file contains pages which are more than

4000 characters long, these output commands will cause form feed

characters to be inserted into the file at locations where they may
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not be desired. To prevent this, the user must understand exactly

how the output commands operate. These commands are described

briefly in Table 2-43.

Table 2-43 Form Feed Processing Output Commands

Output Command Form Feeding Processing

P, nP, PW and nPW Always append a form feed character to the

text contained in the buffer, regardless of

whether this text actually constitutes a com-
plete page of the file. That is, a form feed

is appended on output even though one may
not have been present upon input.

HP, HPW, m,nP and Never appends a form feed character to the

m, nPW text contained in the buffer.

N, EC and EX If the text contained in the buffer was fol-

lowed by a form feed character in the input

file, a form feed will be appended to this

text upon output. If this text was not fol-

lowed by a form feed character (i.e. if input

was terminated because the buffer had

reached the prescribed capacity), no form
feed will be appended.

If it becomes necessary to edit text that consists of large pages

without introducing extraneous form feed characters into the out-

put, this may be accomplished by avoiding all output commands

except the N, EC and EX commands. For example, if use of a P
command would introduce an extraneous form feed, use an N
command, instead, to search for a character string contained in

the next page of the input file.

Techniques and Examples

TECO may be used in three ways. The most elementary appli-

cation involves using TECO to create and edit ASCII files on-line.

The user enters short command strings, often consisting of a single

command, and proceeds from task to task until the file is com-

pletely edited.

Since every edited job is simply a sequence of TECO com-

mands, an entire job may be accomplished with one long command
string consisting of all the short command strings placed end to

end with the intervening double ALT MODE characters removed.

This leads to the concept of a TECO editing program, which is
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simply a longxommand string that performs a certairr editing task.

Editing programs may be written (using TECO) and stored in the

same manner as any other ASCII file. Whenever the program is

needed, it may be read into the buffer as text, stored in aOregister,

and executed by an Mq command (where "q" is the Q-register

name).

This is fine for clear-cut editing assignments, such as converting

from one format to another or editing certain characters out of a

file, but many editing jobs are so complex that "a given editing

program will only solve a small class of^problems. The solution,,

in this case, is to write very specialized "editing subroutines."

TECO subroutines might .. perform such elementary functions as

replacing every occurrence of two or more consecutive spaces with

a tabulation character, for example, or ensuring that words are

not hyphenated across a page boundary. When an editing problem

arises, the right combination of subroutines may be loaded into

various Q-registers, augmented with additional commands if

necessary, and called by a "mainline" command string.

Editing subroutines are essentially macros; that is, sequences of

commands which perform' commonly required editing functions.

Thus, the third and most powerful application of TECO is the

creation and use of a macro library. As each editing job is under-

taken, the user may look for sequences of operations which might

be required in future editing asignments. All of the TECO com-

mands required to perform such an operation may be loaded into

a Q-register and executed by means of an Mq or nMq command.

When the job is finished, the content of any Q-register which con-

tains a useful macro may be written onto an output file (via the

buffer) and saved in the macro library. The nMq command, which

was designed to facilitate use of macros, permits one run-time

numeric argument to be passed to the macro.

The following examples are intended to illustrate some of the

techniques discussed earlier. It would not be practical to include

examples of the use of every TECO command, since most of the

commands admit to many diverse applications. Instead, users are

encouraged to experiment with the individual commands.

Example 1 : Splitting, Merging, and Rearranging Files

Assume that the user has a file named PGM.PA on the system

device and this file contains data in the following form:
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AB FORM CD FORM EF FORM GH FORM IJ FORM KL
FORM MN FORM OP where each of the letters A, B, C, etc.,

represents 20 lines of text and FORM represents a form feed char-

acter. The user intends to rearrange the file so that it appears in

the following format:

AOB FORM D FORM MN FORM EF FORM ICJ FORM KL
FORM P FORM GH
The following sequence of commands will achieve this rearrange-

ment. (Search command arguments are not listed explicitly.)

.R TECO
*EBPGM.PA$Y$$
*NC$$

*J20X1$$
*20K$$
*NG$$

*HX2$$
*Y$$
*20L$$
*G1$$
*NM$$

*HX1$$

*Y$$
*J20X3$$
*20K$$
*P$$

*G2$$
*HPEF$$
*EBPGM.PA$Y$$
*20L$$
*G3$$
*ND$$

*PWHK$$
$G1$$

*EX$$

Call TECO.
Specify input file and get first page.

Search for a character string in C to write A
_ ~ .„ p „-.

Save all of C in Q-register 1.

Delete C from the buffer.

Search for a character string in G to write D,
E and F on the output file.

Save G and H in Q-register 2.

Delete GH from the buffer and read IJ.

Move pointer to the beginning of J.

Insert C, which was stored in Q-register 1.

Search for a character string in M to write ICJ

and KL on the output file.

Save MN in Q-register 1 (the previous content

is overwritten).

Delete MN and read OP.
Save all of O in Q-register 3.

Delete O from the buffer.

Write P onto the output file, leaving the buffer

cleared (the input file is exhausted).

Bring GH into the buffer from Q-register 2.

Write GH on the output file and close it.

Open the partially revised file.

Move the pointer to the beginning of B.

Insert all of O from Q-register 3.

Search for a character string in D to write

AOB on the output file.

Write D on the output file and clear buffer.

Bring all of MN from Q-register 1 into the

buffer.

Write MN onto the output file, then close the

file and exit to the OS/ 8 monitor.

At this point, the file has been rearranged in the desired format.

Of course, this rearrangement could have been accomplished in
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fewer steps if the commands listed above had been combined into

longer command strings. Note that the asterisks shown at the left

margin in this example are generated by TECO, and not typed by

the user.

Assume, now, that the same input file mentioned earlier, con-

taining data in the form:

AB FORM CD FORM EFFORM . . . FORM OP
is to be split into two separate files, with the first file containing

AB FORM CD and the second file containing KL FORM M, while

the rest of the data is to be discarded. The following commands

could be used to achieve this rearrangement:

.RTECO Call TECO.
*ERFILE$EWFILE.1$$ Open the input file and the first output

file.

*Y$$ Read AB into the buffer.

*p$$ Write AB FORM onto the output file and

read CD into the buffer. ,

*HPEF$$ Write CD onto the output file (without

* appending a form feed), and close the

first output file.

*<-K$$ Search for a character string in K. After

this command has been executed, the

buffer will contain KL. No output is gen-

erated by the search.

*EWFILE.2$P$$ Open the second output file and write

KL onto.it. Read MN into the buffer.

*20L0,.P$$ Move the pointer to the end of M, then

write M onto the output file.

*EF|C$$ Close the second output file and exit to

the OS/ 8 monitor.

As a final example of file manipulation techniques, assume that

the user has two files. One file is MATH.BK, which contains in-

formation in the form:

AB FORM CD FORM EF FORM GH FORM IJ FORM KL
and the other is MATH.FT, which contains:

MN FORM OP FORM QR
If both of these files are stored on DECtape unit 1, the following

sequence of commands may be used to merge the two files into a

single file, MATH.NW, which contains all of MATH.FT followed

by the latter half of file MATH.BK in the following format:

MN FORM OP FORM QR FORM GH FORM IJ FORM KL
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*RTECO Call TECO.
*ERDTA1:MATH.FT$$ Open the first input file.

*EWMATH.NW$$ Open the output file on the OS/ 8 default

device.

*Y$$ Read MN into the text buffer.

*NR$$ Search for a character string in R to write

MN and OP onto the output file.

*PW$$ Write QR onto the output file, appending
a form feed.

*ERDTA1:MATH.BK$$ Open the second input file.

*Y$$ Read AB into the buffer. QR is over-

written.

* <-G$$ Search for a character string in G to de-

lete AB, CD and EF, leaving GH in the

buffer.

*NK$$ Search for a character string in K to

write GH and IJ on the output file, leav-

ing KL in the buffer.

*HPEFtG$$ Write KL onto the output file (without

appending a form feed) and close the

file, then exit to the OS/ 8 monitor.

Example 2: Alphabetizing by Binary Search

Assume that TECO is running and the buffer contains many
short lines of text, each beginning with an alphabetic character at

the left margin (i.e. immediately following a line feed). The lines

might consist of names in a roster, for example, or entries in an
index. Figure 2-3 shows a command string which will rearrange the

lines into rough alphabetical order. This command string groups

all lines which begin with the character "A" at the beginning of the

page, followed by all lines beginning with "B," and so on.

Figure 2-4 is a flowchart showing the sequence of operations

performed by this command string. The algorithm could be ex-

tended to place the entries in strict alphabetical order by having it

loop back to perform the same binary sorting operation on suc-

cessive characters in each line.

Example 3 : An Elementary TECO Macro
Figure 2-5 shows a TECO macro which right justifies the content

of the text buffer on a 60-space line. This macro assumes that the

buffer contains paragraphs of text in manuscript form, and that

every line which is not the last line of a paragraph contains be-

tween 40 and 60 characters.

When the macro is run, it counts the number of spaces and the
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number of characters in each line. It then adds spaces between

words until the line contains a total of 60 characters. Lines which

contain fewer than 40 characters are assumed to be' paragraph

terminators. These lines are not justified. Figure 2-6 shows how the

macro may,be stored, loaded and executed using DECtape unit 1

as the storage device. In this example, DECtape file "TEXT.AS"

is the file to be justified.

TECO FIGURE 1

•START! J 0AUA!

! !C0NT! L 0AUB!

!QA-QB"G XA K -L GA IUZ'!

•QBUA!

!LZ-."G -L 0C0NTS*

!

!GZ"G 0UZ OSTARTS*

!

!$$

Figure 2-3 Command String for Example 2
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CCEAR SWITCH FLAG
YES

FIND FIRST LINE AND
PUT ASCII CODE FOR
INITIAL CHARACTER IN
O-REGISTER A

FIND NEXT LINE AND
PUT ASCII CODE FOR
INITIAL CHARACTER IN
O-REGISTER 8

YES
SWITCH THE LINES

NO

MOVE CONTENT OF
O-REGISTER A INTO
Q-REGISTER B

SET A FLAG TO
INDICATE THAT A
SWITCH WAS MADE

c STOP J

Figure 2-4 Flowchart for Example 2
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J !1! 0UN 0US!

!Z-."G!
!<QNA-32"E 1%S$' !

!QNA-13"E OJUSTIFYS'S
!1XN$>!

!!JUSTIFY! QN-40MG!
!60-6N-QS"G OS<S £1 $StN £> !

!0L ©S%N$ OS%S$ OJUSTIFY$'!
!60-QN"G 60-QN<S $1 $StN $> ' ' !

!L 01$*$$!

Figure 2-5 TECO Macro for Example 3

. R TECO
ERDTA1: MACRO. TE$ Y HXI HKSS
ERDTA1: TEXT. ASS Y MISS

Figure 2-6 Loading and Executing a TECO Macro

Example 4: Managing a Macro Library

A TECO macro library is most conveniently stored with TECO
on the OS/8 system device. Macros are usually short enough to

require a small amount of storage space, however it is impractical

to store each macro in a separate named file, because a large macro

library stored in this manner would make the device directly un-

manageably large and might even exhaust the available directory

entries.

Figure 2-7 illustrates a macro that packs the user's TECO macro

library (or any other set of short ASCII files) into a single file

requiring only one directory entry. This macro could be stored on

the system device in a file named PACK.TE (the extension indicates

a TECO command string file). The user must also create a sep-

rate file containing the name of each file to be packed. This file must

be formatted as follows:
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file 1.ex

file2.ex

file3.ex

filen.ex

where each file specification after the first is preceded and followed

by a carriage return/line feed combination. Assume that such a.

file is created and stored as INDEX.AS on the .system device. If.

macro PACK.TE is also on the system device, the following com-
mands will pack all files listed in INDEX.AS into file MACLIB.PK

Y 10<A> HX0 HK 0U1 0U2
<G0 Q1J : S

S; .Ul 2R 0X4 HK
I ERDSK: $ G4 §1 . $. HX3
M3 HK I\$ G4 I\£ 0U5
!A! AZ MN PW HK 0U5 0AS«
%2£> P2 ME 0B$' EF

!B! HK G2\ I FILES PACKED
$ HT HK

Figure 2-7 File Packing Macro

.R TECO
*ERSYS:PACK.TE$Y HXP HK$£
ERSYS: INDEX. ASSEWSYS: MACLIB.PK $MP$$

N FILES PACKED
*

Figure 2-8 Loading and Running the File Packing Macro

0U2 <Y -Z% 0A-9 2"E
:2S\$"L . -13"L 1,.-1X4
0, .K Q2"E 0A$* EF
!A! X2$ IEWDSK: £ G4
§1.1. 0, ,X3 M3 0, .K' •*

PW> Q2"E OB$' EF
!B! 02\ I FILES UNPACKED
$ HT HK

Figure 2-9 Unpacking Macro
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.R TECO
*ERSYS: UNPACK. TESY HXU HKSS
ERINCEX. ASSMP$S

-N FILES UNPACKED
*

Figure 2-10 Loading and Running the Unpacking Macro

The packing macro prints a message, as shown, where "n" is

the number of files that were packed. The files to be packed will be

taken from the system device. Files PACK.TE, INDEX.AS and

MACLIB.PK may reside on any file-structured device if the file

designations in the above command summary are changed accord-

ingly.

Once the packing macro has packed all the files into

MACLIB.PK, the individual files may be deleted. Alternatively,

macros could be saved in individual files on, say, DTA1 and the

packing macro could be used to pack the files into one system

device file simply by replacing the imbedded "ERDSK:" command
in the macro body with "ERDTA1:". If the library index is also

saved on the system device,' an unpacking macro may be used to

create an unpacked copy of the macro library whenever required,

and the original library tape may be saved as a backup.

Figure 2-9 illustrates a macro that unpacks the output file pro-

duced by the packing macro. This macro accepts a packed ASCII
file (such as MACLIB.PK), then unpacks the file and restores each

entry as a discrete file with the appropriate specification.

Assume that a user desires to access a macro or other ASCII
file that was packed into file MACLIB.PK, as shown in the pre-

vious example. If file UNPACK.TE contains the unpacking macro,
the following commands will unpack the entries and restore them
as individual, named files.

The unpacking macro prints a message, as shown, where "n" is

the number of files that were unpacked. Once the files are un-

packed, they will be directed to the system disk. Alternately, the

unpacked files could be directed to. say, DECtape unit 5 by modify-
ing the "EWDSK:" command in the macro body to read
"EWDTA5:".

Using TECO to Retrieve Lost Files

Inevitably, through user error, hardware error, or operating
system error, valuable files may be deleted or directories destroyed.
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A two-word patch to TECO creates a program known as SUPER
TECO which may be a considerable aid in these situations. The
patch is:

.GET SYS TECO

. OCT

2034/7420 7610
21 17/7450 7410
t'C

• SAVE SYS STECO

To use STECO, mount the device on which you want to retrieve

the file, then type:

.R STECO
*ERDEV:$$
*<STRING$$

where "string" is part of the first page of the desired file (for in-

stance, the title line). STECO will search the entire device for the

first occurrence of the specified strings. The device may contain

many old copies of the desired file. The user should examine the

text following each occurrence of the string; if it is an earlier ver-

sion, or a listing file, the user should continue searching until the

correct occurrence is found. Once the correct file is found, type:

ERDEV: SEWDEV2: FILE$$
*N<STRIttGSNENDSTRING$PWEFS5

where n is the number of times you had to search for the specified

string on your investigation pass, and "endstring" is a string located

at the end of the file. This operation retrieves your file and copies

it onto another device. There may be meaningless characters pre-

ceding the first good line of your file, if so, delete them.

Incompatabilities Between OS/ 8 TECO and DECsystem-10 TECO
OS/8 TECO is a proper subset of DECsystem-10 TECO with

the following exceptions:

1. The tU and tR commands do not exist on DECsystem-10

TECO.
2. The fS command as described on page 2-154 is implemented

differently on DECsystem-10 TECO (refer to the DECsys-

tem-10 Users Handbook).
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3. OS/8 TECO assumes a semicolon after failing search com-

mands in interation brackets, DECsystem-10 TECO does

not.

4. The EC, tD, tO, and tW command do not exist in DEC-
system-10 TECO.

5. DECsystem-10 TECO ignores the number n in the nA
command and is equivalent to the OS/8 TECO OA com-

mand.

6. The "A and "B compares are not needed by DECsystem-10

TECO because "G and "L are adequate to compare char-

acter pointers.

7. The tZ and TV numeric values are not implemented by

DECsystem-10 TECO.

Table 2-44 TECO Command Summary

Command Function

ERdev:filnam.ex$ Input file selection.

EWdev:filnam.ex$ Output file selection.

EBdev:filnam.ex$ I/O file selection with backup protection.

Y Clear buffer and read one page of input file.

A Read one page of input file and append to current

buffer content.

BUFFER POINTER POSITIONS
B Before first character.

Current pointer position (number of characters

to left of pointer)

Z After last character (number of characters in

buffer.

m,n From .m+

1

th
character through and including n"1

character.

H Entire buffer; equivalent to B,Z.

ARITHMETIC OPERATORS
-^n Negation.

m+n Addition.

m—

n

Subtraction.

m*n Multiplication.

m/n Divide and truncate.

m&n Bitwise logical AND.
m#n Bitwise logical OR.

( ) Perform enclosed operations first.
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Table 2-44 TECO Command Summary (Cont)

Command Function

POINTER POSITIONS
nJ Position pointer between nth and n+l th

characters.

nC Move pointer forward across n characters.

nR Move pointer backward across n characters.

mL Position pointer at beginning of nth
line following

current position.

TYPE-OUT COMMANDS
nT Type buffer content from pointer position to be-

ginning of nth
following line.

m,nT Type m+l th
character through and including nth

character.

n= Type the integer equivalent of expression n.

fAtextfA Type the enclosed text.

fO Inhibit typeout.

DELETION COMMANDS
nD Delete the n characters following the pointer.

—nD Delete the n characters preceding the pointer.

nK Delete the n lines following the pointer.

m,nK Delete the m+l th
character through and including

the nth
character.

INSERTION COMMANDS
Itext$ Insert text delimited by I and ALT MODE.
<I>text$ Insert tabulation, then text. <I> is a TAB (con-

trol-I) character.

nl Insert character whose ASCII code is n.

@I/text/ Insert text delimited by arbitrary character shown

as a slash.

n\ Insert the ASCII code for integer n.

OUTPUT AND EXIT
PW Write current page and append form feed.

P Write current page, append form feed, clear buf-

fer, and read next page.

m,nP Write m+l th through nth
characters without ap-

pending a form feed.

EF Close the current output file.

|G Close the current output file and exit to the OS/

8

monitor.

fC Immediate exit to the OS/ 8 monitor.

tP Exit to the monitor and do a START 200.

EX Write the rest of the input file on the output file

and exit to the monitor.

EC Write the remainder of the input file on the output

file and close the file.
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Table 2-44 TECO Command Summary (Cont)

Command Function

SEARCH COMMANDS
nStext$ Begin at the pointer and search for the nth

occur-

rence of the text delimited by the S and the ALT
MODE on the current page.

nNtext$ Equivalent to nStext$ except that the search is

continued across page boundaries.

n«-text$ Equivalent to nNtext$ except that no output is

generated.

nFNtestl $text2$ Do nNtextl $ and then replace textl with text2.

:nStext$ Equivalent to nStext$ except , that it returns a

value of — 1. If the search succeeds, or 0, if the

search fails. The colon may be used with N and

<- searches.

n@S/text/$ Equivalent to nStext$ except that the text is de-

limited by the arbitrary character following the S,

instead of ALT MODE.
fX Accept any character in this position.

fS Accept any separator in this position. Save last

typed command.

fN Accept any character except the following char-

acter in this position.

fQ Interpret the next character literally, rather than

as a command.

ITERATION AND FLOW CONTROL
n< > Perform enclosed commands n times.

n; If n is positive, jump out of the current iteration

field.

!tag! Define a position named "tag" at this location.

Otag$ Jump to the position defined by "tag."

n"E If n=0, execute the following command string.

n"N If n^O, execute the following command string.

n"L If n is less than zero, execute the following com-

mand string.

n"G If n is greater than zero, execute the following

command string.

n"C If n is the ASCII code for an alphanumeric char-

acter, execute the following commands.

n—m"A If n is greater than or equal torn, execute the

following commands.

n—m"B If n is less than m, execute the following com-

mands.

Q-REGISTER COMMANDS
nUq Store n in Q-register q.

Qq Equivalent to the value stored in Q-register q.
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Table 2-44 TECO Command Summary (Cont.)

Command Function

n%I Add n to the content of Q-register q and return
this value.

fUqtext$ Insert text into Q-register q.
nXq Load the n following lines into Q-register q.
m,nXq Load the m+l th

character through the n th
char-

acter into Q-register q.

Gq Insert the content of Q-register q into the buffer.

Mq Execute the content of Q-register q as a command
string.

NUMERIC VALUES
nA ASCII value of n th

character following pointer.

tE Form feed flag.

tF Console data switches.

TH Always equals zero.

ttX Equivalent to the ASCII code for character "X."
tZ Command and Q-register storage words in use.

fO Set octal radix.

TD Set decimal radix.

\ Equivalent to the value of the digit string follow-

ing the pointer.

tT Equivalent to the ASCII code for the next char-

acter typed.

TV Equivalent to the number of the version of TECO
being run.

PROGRAMMING AIDS
? After an error message, identifies erroneous char-

acter.

? Except after an error message, toggles in and out

of trace mode.
tGfG Erases current command string.

Running TECO On The PDP-12
When TECO is run on a PDP-12, part of the content of the text

buffer is displayed on the console scope. Initially, TECO displays

the three lines immediately preceding and following the buffer

pointer. An uparrow character (T) is displayed below the current

position of the pointer.

The ntW command, where n is a small positive integer and tW
is a control-W or uparrow/W character, causes TECO to display

the n lines preceding and following the current position of the

pointer on the scope. If a value of n greater than 7 is specified, the
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display will wrap around the scope and produce nicker on it. N
is assigned an initial value of 3.

The tW command (CTRL/W with no numeric argument) causes

TECO to execute one scope display cycle. This command may be

entered into long command strings for the purpose of displaying

part of the buffer at a given point in the command string.

When a'tF character is entered in a numeric expression on the

PDP-12, TECO considers the tF to be equivalent to the current

value of the right-hand switch register.

Assembly Instructions

The source tape of TECO may be assembled with the PAL8

assembler, in the same manner as any other PAL8 source program.

For example, if a TECO source DECtape is mounted on unit 1,

typing:

.R PAL8
TECO. BN<DTA1: TECO. PA

will produce a TECO binary file on the system device.

Once a TECO binary file has been created on the system device,

the following commands will create a core image file called TECO.

SV on the system device:

.R ABSLDR
*TECO.BN$
.SAVE SYS TECO

The binary paper tape of TECO (DEC-S8-UEXTB-A-PB8) may

be loaded and saved on the system device by the following sequence

of commands:

. R ABSLDR
*PTR:$
.SAVE SYS TECO

The system will print an uparrow after the ALT MODE character

to indicate that a paper tape should be loaded into the reader.

Strike any key at the terminal to continue.

KSR-35 Teletype users who want to take advantage of the KSR-

35 hardware tabulation feature should change the starting address

of TECO to location 5200. This may be accomplished by the

commands:

.GET SYS TECO

.SAVE SYS TEC0J 5200
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Error Messages

TECO error messages consist of a question mark followed by a

number. Typing a second question mark immediately after an

error message printout causes the command string to be printed

up to and including the character which caused the error message.

Table 2-45 TECO Error Messages

Error Cause

1 Illegal command.
2 Incomplete command. Can mean either:

a. Character missing from command.
b. Iteration brackets do not match.

c. Conditional delimiters (double quote and apostrophe) do
match.

d. O command references nonexistent tag.

3 Non-alphanumeric Q-register name.
4 Command iterations or macro calls nested too deeply.

5 Text buffer overflow.

6 Search string longer than 3 1 characters.

7 Numeric argument missing before comma, equals sign, U, or

quote (").

8 Illegal file name in ER, EW or EB command.
9 Semicolon or failing search encountered on command level.

10 Iteration close (>) without matching open (<).
1

1

Attempt to move pointer outside of text buffer.

12 Q-register storage overflow.

13 Incomplete command,
14 Output file too large, or else output parity error.

15 Input file parity error.

16 File error; can mean either:

a. Input file not found by ER command.
b. Cannot enter output file with EW or EB command.
c. Device specified for file does not^xist.

d. EB command specifies a file on a non-file-structured device.

17 An output command was encountered which would have

caused TECO to overflow its current output file. User should

close the current output file and write all further output onto

one (or more) additional files. These files may be combined

if necessary.

18 Attempt to execute an output command without opening an

output file.
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pal 8

INTRODUCTION
PAL8 is an 8K, two pass assembler designed to run under the

OS/ 8 Operating System. Pass 1 reads the input file and sets up the

symbol table. Pass 2 reads the input file and uses the symbol table

created in pass 1 to generate the binary (object) file. The binary

file is an absolute binary tape and may be loaded into core with

the Absolute Loader or Binary Loader. As an optional third pass,

a side-by-side octal and symbolic listing and the symbol table are

output. (Using the options available, the three passes may be

automatically executed. However, if the source file is to be read

from the paper tape reader, the user must reload the tape for each

pass.) The listing file may be used as an input to the Cross Refer-

ence Program (CREF), and the symbol table may be requested to

be in a form suitable for input to DDT. If a listing file, but no

binary file or /L or /G option was specified, PAL8 does not exe-

cute pass 2, but instead goes directly from pass 1 to pass 3.

PAL8 can handle I/O from any OS/8 device which handles

ASCII text, and has pseudo-ops and options not available in the

other PDP-8 assemblers. It is loaded and saved by way of the OS/8

Monitor and Absolute Loader. It will accept input generated by

the Editor and will generate output acceptable to Absolute Loader

and CREF.

CALLING AND USING PAL8

, PAL8 is called from the system device by typing:

RPAL8
in response to the dot printed by the Keyboard Monitor. The sys-

tem replies by activating the Command Decoder, which in turn

prints an asterisk (*) at the left margin of the teleprinter paper. At

this point a command string is entered which indicates the binary
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and listing output devices and file names, the input devices and file

names, and any options selected by the user. 1 to 9 input files may
be specified. The format of the command string is:

*DEV:BINARY,DEV:LISTING,DEV:CREFLS<DEV:INPUT/OPTIONS

If the extension to the file name is omitted, the following assumed
extensions are assigned:

.PA for input file.

.BN for binary output file.

.LS'for listing output file.

.TM for intermediate CREF file (if the /C option was specified).

A null output file indicates no output file of that type is to be

generated. For example, to assemble, load and run a PAL8 pro-

gram named PROGRM which is stored on DECtape unit 1, the

user would type:

.R PAL8
*BIN<DTA1:PROGRM/G

After the assembly, the program will be loaded and run with the

starting address assumed to be location 0200 in field 0, and the

binary stored on the system device as BIN.BN.
The assembler prints any error messages encountered in the

program on the teleprinter. Typing CTRL/O at the keyboard

during an assembly will suppress the printing of error messages on

the teleprinter; however, messages are still printed in the output file

and occur immediately before the line that is in error.

PAL8 OPTIONS
Table 3-1 lists the options available in PAL8 which can be in-

dicated in the command string typed to the Command Decoder.

When the /L or /G option is specified, the user can also include

any option to the Absolute Loader in the I/O specification line for

PAL8, such as = starting address option. If no address is specified,

execution begins at 200. If no binary output file is specified with

/L or /G a temporary file, PAL8BN.TM, is created and loaded.
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Table 3-1 PAL8 Run-Time Options

Option Meaning

/B This option makes the operator ! a 6-bit left shift instead of

an inclusive OR. (A!B equals AflOO+B)

/C Chain to SYS:CREF.SV after assembly. The second output

file specified is the output file passed to CREF. The third

output file is where PALS generates its output. If no third

output file is given, SYS:CREFLS.TM is assumed. The /C
option supersedes the /G and /L options if specified in the

same command string.

/D Generate a DDT compatible symbol table (applicable only if

a listing file is specified).

/E Enable error messages if a link is generated. The LG error

message would be generated as well as the link being flagged.

/F Disable extra zero fill in TEXT pseudo-op. If the text in the

TEXT pseudo-op contains an even number of characters, no

word of zeroes will be added to the end.

/G Call the Absolute Loader, load the binary file, and begin exe-

cution at the indicated starting address. If no starting address

is indicated, start at 200.

/H Generate non-paginated output. Header, page numbers and

page format are suppressed (applicable only if a listing file is

specified).

/J Do not list lines containing code in conditional brackets

which is conditionalized out.

/K Used in assembling very large programs; causes systems con-

taining 12K or more of core to use field(s) 2 and up as symbol

table storage.

/L Call the Absolute Loader at the end of the assembly and load

the binary file (applicable only if a binary file was specified).

/N Generate the symbol table, but not the listing (applicable

only if a listing file is specified. The /H option is assumed).

/O Disable origining to 200 after pseudo-op. The origin remains

what it was before the FIELD pseudo- op.

/S Omit the symbol table normally generated with the listing

(applicable only if a listing file is specified).
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Table 3-1 PAL8 Run-Time Options (Cont.)

Option Meaning

/T Output a carriage return/ line feed in place of the form feed

character(s) in the program (applicable only if a listing file is

specified).

/W Do not remember the number of literals that were previously

stored on a page after origining off page and then back on
again.

EXAMPLES OF SPECIFICATION STRINGS
Example 1:

.R PAL8
*PTP:,LPT:<SOURCE

The above lines cause the PAL8 assembler to be loaded from the

system device and the program SOURCE.PA (or SOURCE) to be

assembled. The binary output of the assembly is put onto the paper

tape punch, and the listing and symbol table on the line printer.

Example 2:

.R PAL8
*,LISTIN<PROG/S

The above specification line causes PAL8 to assemble PROG.PA
(or PROG), putting the listing only into the file LISTIN.LS on the

default device DSK. No binary output and no symbol table are

generated.

Example 3:

.R PAL8
*BIN<INPUT.XY/G=600

The above specification line assembles INPUT.XY, putting the

binary output into a file named BIN.BN, and then calls the Abso-

lute Loader, which loads the file BIN.BN and starts it at 600.

(=600 is an option to the Absolute Loader specifying the starting

address.)

Example 4:

.RPAL8
*DTAl:PROG
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The preceding lines will assemble the file PROG from device

DTA1, checking for errors, which are listed on the teleprinter.

There are no output files.

RESTARTING AND TERMINATING PAL8
PAL8 may only be restarted if the Command Decoder has not

been dismissed. For example:

.RPAL8
*tc

.ASSIGN DTA7 DSK

.ST

If a restart is attempted after the Command Decoder has been dis-

missed, NO! ! is typed and control returns to the Keyboard Moni-

tor. The user must call PAL8 for each assembly.

CHARACTER SET
The following characters are acceptable as input to PAL8:

1. The alphabetic characters: A through Z.

2. The numeric characters: through 9.

3. The "characters described in following sections as special

characters and operators.

4. Characters which are ignored during assembly such as LINE

FEED, FORM FEED, and RUBOUT.

All other characters are illegal (except when used in a comment)

and cause the error message:

IC nnnn

to be printed during pass 1; nnnn represents the location at which

the illegal character occurred. (As assembly proceeds, each instruc-

tion is assigned a location determined by the current location

counter, detailed later in this chapter. When an illegal character or

any other error is encountered during assembly, the value of the

current location counter is returned in the error message.) Illegal

characters do not generally cause assembly to halt. If an illegal

character occurs in the middle of a symbol, the symbol is ter-

minated at that point.
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STATEMENTS
PAL8 source programs are usually prepared on the console

terminal (using the OS/8 EDITOR) as a sequence of statements.

Each statement is written on a single line and is terminated by

typing the RETURN key. There are four types of elements in a

PAL8 statement which are identified by the order of their appear-

ance in the statement and by the separating (or delimiting) charac-

ter which follows or precedes the element. These are:

1. label,

2. instruction

3. operand

4. /comment

A statement must contain at least one of these elements and may
contain all four types. The assembler interprets and processes

-

the

statements, generating one or more binary instructions or data

words, or performing an assembly process.

Labels

A label is the symbolic name created by the programmer to

identify the location of a statement in the program. If present, the

label is written first in a statement. It must begin with an alphabetic

character, contain only alphanumeric characters, and be terminated

by a comma; there must be no intervening spaces between any of

the characters and the comma.

Instructions

An instruction may be one or more of the mnemonic machine

instructions or a pseudo-operation which directs assembly process-

ing. (Assembly pseudo-ops are described later in this chapter.)

Instructions are terminated with one or more spaces (or tabs if an

operand follows) or with a semicolon, slash, or carriage return.

Operands

Operands are the octal or symbolic addresses of an assembly

language instruction or the argument of a pseudo-operator, and

can be any expression. In each case, interpretation of an operand

depends upon the instruction or the pseudo-op. Operands are ter-

minated by a semicolon, slash, or carriage return.
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Comments

The programmer may add notes or comments to a statement by

separating these from the remainder of the line with a slash. Such

comments do not affect assembly processing or program execution

but are useful in the program listing for later analysis or debugging.

The assembler ignores everything from the slash to the next carriage

return.

It is possible to have only a carriage return on a line, resulting

in a blank line in the final listing. No error message is given.

FORMAT EFFECTORS
The following characters are useful in controlling the format of

an assembly listing. They allow a neat readable listing to be pro-

duced by providing a means of spacing through the program.

Form Feed

The form feed code causes the assembler to output blank lines in

order to skip to a new page in the output listing during pass 3; this

is useful in creating a page-by-page listing. The form feed is gen-

erated by typing a CTRL/L on the console terminal.

Tabulations

Tabulations are used in the body of a source program to separate,

fields into columns. For example, a line written:

GO, TAD TOTAL/MAIN LOOP

is much easier to read if tabs are inserted to form:

GO, TAD TOTAL /MAIN LOOP

Statement Terminators

The RETURN key is used to terminate a statement and causes

a carriage return/line feed combination to occur in the listing. The

semicolon (;) may also be used as a statement terminator and is

considered identical to a carriage return except that it will not ter-

minate a comment. For example:

TAD A /THIS IS A COMMENT; TAD B

The entire expression between the slash and the carriage return is

considered a comment. Thus in this case the assembler ignores the

TAD B. If, for example, the user wishes to write a sequence of
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instructions to rotate the contents of the accumulator and link six

places to the right, it might look like the following:

RTR
RTR
RTR

However, the programmer can alternatively place all three instruc-

tions on a single line by separating them with the special character

semicolon and terminating the entire line with a carriage return.

The above sequence of instructions can then be written:

RTR;RTR;RTR

NOTE
If an OS/8 CREF listing is desired, there

are certain restrictions on the use of semi- #

colons. Refer to the section on CREF in

Chapter 2 of this handbook.

These multi-statement lines are particularly useful when setting

aside a section of data storage for use during processing. For ex-

ample, a 4-word cleared block could be reserved by specifying

either of the following:

LIST, 0; 0; 0;

or

LIST,

Either format may be used to input data words (data words may be

in the form of numbers, symbols, or expressions, explained next).

Each of the following lines generates one storage word in the object

program:

DATA, 7777

A+C-B
S

123+B2
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NUMBERS
Any sequence of digits delimited by either a SPACE, TAB, semi-

colon, or carriage return forms a number. PAL8 initially interprets

numbers in octal (base 8). This can be changed to decimal using a

special pseudo-operator (explained later in this chapter). Numbers

are used in conjunction with symbols to form expressions.

SYMBOLS
A symbol is a string of alphanumeric characters beginning with a

letter and delimited by a non-alphanumeric character. Although a

symbol may be any length only the first six characters are recog-

nized; since additional characters are ignored, symbols which are

identical in their first six characters are considered identical.

Permanent Symbols

The assembler contains a table (called its permanent symbol

table) which lists the symbols for all PDP-8 pseudo-op codes, mem-
ory reference instructions, operate and IOT (input/output transfer)

instructions. These instructions are symbols which are permanently

defined by PAL8 and need no further definition by the user; they

are summarized at the end of the chapter. For example:

HLT This is a symbolic instruction assigned the value 7402

by the assembler and stored in its permanent symbol

table.

User-Defined Symbols

All symbols not defined by the assembler (and represented in its

permanent symbol table) must be defined within the source pro-

gram.

A symbol may be used as a statement label, in which case it is

assigned a value equal to the current location counter; it is called a

symbolic address and can be used as an operand or as a reference

to an instruction. Permanent symbols (instructions, special char-

acters, and pseudo-ops) may not be used as symbolic addresses.

The following are examples of legal symbolic addresses:

ADDR,
TOTAL,
SUM,
Al,
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The following are illegal symbolic addresses:

AD>M, (contains an illegal character)

7ABC, (first character must be alphabetic)

LA BEL, (must not contain imbedded spaces)

D+TAG, (contains a legal but non-alphanumeric character)

LABEL , (must be terminated by a comma with no interven-

ing spaces)

Current Location Counter

As source statements are processed, PAL8 assigns consecutive

memory addresses to the instructions and data words of the object

program.

The current location counter contains the address in which the

next word of object code will be assembled and is automatically

incremented each time a memory location is assigned. A statement

which generates a single object program storage word increments

the location counter by one. Another statement might generate six

storage words, incrementing the location counter by six.

The user sets or resets the location counter by typing an asterisk

followed by the octal absolute address value in which the next pro-

gram word is to be stored. If the origin is not set by the user, PAL8
begins assigning addresses at location 200.

*300 /SET CURRENT LOCATION COUNTER
TO 300

TAG, CLA
JMP A

B,
-

A, DCA B

The symbol TAG (in the preceding example) is assigned a value

of 0300, the symbol B a value of 0302, and the symbol A a value

of 0303. If a symbol is defined more than once in this manner, the

assembler will print the illegal definition diagnostic:

ID address

where address is the value of the location counter at the second

occurrence of the symbol definition. The symbol is not redefined.
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(For an explanation of diagnostic messages refer to the section

on PAL8 Error Conditions.) For example:

*300

START, TAD A
DCA COUNTER

CONTIN, JMS LEAVE
JMP START

A, -74

COUNTER,
START, CLA CLL

The symbol START would have a value of 0300, the symbol

CONTIN would have a value of 0302, the symbol A would have a -

value of 0304, the symbol COUNTER (considered COUNTE by

the assembler) would have a value of 0305. When the assembler

processed the next line it would print (during pass 1):

ID COUNTE+0001

Since the first pass of PAL8 is used to define all symbols, the as-

sembler will print a diagnostic during pass 2 if reference is made

to an undefined symbol. For example:

*7170

A, TAD C
CLA CMA
HLT
JMP Al

C,

This would produce the undefined symbol diagnostic:

US A+0003

Symbol Table

Initially, the assembler's symbol table contains the mnemonic

op-codes of the machine instructions and the assembler pseudo-op

codes; this is its permanent symbol table. As the source program is

processed, user-defined symbols along with their binary values are

added to the symbol table. The symbol table is listed in alphabetic

order at the end of pass 3.
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During pass 1, if PAL8 detects that the symbol table is full (in

other words, there is no more memory space in which to store sym-
bols and their associated values), the symbol table exceeded diag-
nostic is printed:

SE address

and control returns to the OS/8 Monitor, If the system contains
more than 8K of memory, the user may choose the /K option with
the Run command, or more address arithmetic may be used to re-

duce the number of symbols. It is also possible to segment a pro-
gram and assemble the segments separately, taking care to generate
proper links between the segments (see LINK GENERATION
AND STORAGE ). PAL8's symbol capacity is 992 symbols.
The permanent symbol table contains 24 pseudo-operations
and 71 symbols, leaving space for 897 possible user-defined sym-
bols. Each additional 4K allows 992 new symbols.

Instructions concerning altering the permanent symbol table are

discussed later in this chapter should the user wish to add instruc-

tions more suitable to his programming needs.

Direct Assignment Statements

The programmer may insert new symbols with their assigned
values directly into the symbol table by using a direct assignment
statement in the form:

SYMBOL=VALUE

VALUE may be a number or expression. No spaces or tabs may
appear between the symbol to the left of the equal sign and the
equal sign itself. The following are examples of direct assignment
statements:

A=6
EXIT=JMP I O
C=A+B

All symbols to the right of the equal sign must be already defined.

The symbol to the left of the equal sign is subject to the same re-

strictions as a symbolic address, and its associated value is stored
in the user's symbol table. The use of the equal sign does not incre-

ment the location counter; it is, rather, an instruction to the assem-
bler itself.
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A direct assignment statement may also equate a new symbol to

the value assigned to a previously denned symbol. For example:

BETA=17
GAMMA=BETA

The new symbol, GAMMA, is entered into the user's symbol table

with the value 17. The value assigned to a symbol may be changed

as follows:

ALPHA=5
ALPHA=7

The second line of code shown changes the value assigned to

ALPHA from 5 to 7.

Symbols defined by use of the equal sign may be used in any valid

expression. For example:

*200

A=100 /DOES NOT UPDATE CLC
B=400 /DOES NOT UPDATE CLC
A+B /THE VALUE 500 IS ASSEMBLED AT

LOC.200
TAD A /THE VALUE 1200 IS ASSEMBLED AT

LOC.201

If the symbol to the left of the equal sign is in the permanent

symbol table, the redefinition diagnostic:

RD address

will be printed as a warning, where address is the value of the loca-

tion counter at the point of redefinition. The new value will be

stored in the symbol table; for example:

CLA=760O.

will cause the diagnostic:

RD +200

Whenever CLA is used after this point, it will have the value 7600.

Symbolic Instructions

Symbols used as instructions must be predefined by the assembler

or defined in the assembly by the programmer. If a statement has

no label, the instructions may appear first in the statement and must
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be terminated by a space, tab, semicolon, slash, or carriage return.

The following are examples of legal instructions:

TAD (a mnemonic machine instruction)

PAGE (an assembler pseudo-op)

ZIP (an instruction denned by the user)

Symbolic Operands

Symbols used as operands normally have a value denned by the

user. The assembler allows symbolic references to instructions or

data defined elsewhere in the program. Operands may be numbers

or expressions. For example:

TOTAL, TAD ACI + TAG

The values of the two symbols ACI and TAG (already defined by

the user) are combined by a two's complement add (see the section

on Operators). This value is then used as the address of the

operand.

Internal Symbol Representation for PAL8
Each permanent and user-defined symbol occupies four words

in the symbol table storage area. A PDP-8 instruction has an op-

eration code of three bits as well as an indirect bit, a page bit, and

seven address bits. The PAL8 assembler distinguishes between

pseudo-ops, memory reference instructions, other permanent sym-

bols, and user-defined symbols in the symbol table.

EXPRESSIONS
Expressions are formed by the combination of symbols, numbers,

and certain characters called operators, which cause specific arith-

metic operations to be performed. An expression is terminated by

either a comma, carriage return, or semicolon.

Operators

There are seven characters in PAL8 which act as operators:

+ Two's complement addition

— Two's complement subtraction

t Multiplication (unsigned, 12-bit)

% Division (unsigned, 12-bit)

? Boolean inclusive OR
& Boolean AND
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Space Treated as a Boolean inclusive OR except

(or TAB) in a memory reference instruction

Two's complement addition and subtraction are explained in

detail in Chapter 1 of INTRODUCTION TO PROGRAMMING;
the user should refer to that handbook if he wishes more infor-

mation. No checks for overflow are made during assembly, and

any overflow bits are lost from the high order end. For example:

7755+24 will give a result of 1

The operators + and — may be used freely as prefix operators.

Multiplication is accomplished byrepeated addition.No checks for

sign or overflow are made. All 12 bits of each factor are considered

as magnitude. For example:

3QG0T2 will give a result of 6000

Division is accomplished by repeated subtraction. The number of

subtractions which are performed is the quotient. The remainder is

not saved and no checks are made for sign. Division by will

arbitrarily yield a result of 0. For example:

7000% 1000 will yield a result of 7

This could be written as:

-1000% 1000

In this case the answer might be expected to be -1 (7777), but all

12 bits are considered as magnitude and the result is still 1„

Use of the multiplication and division operators requires an at-

tention to sign on the part of the programmer beyond that which is

required for simple addition and subtraction. Table 3-2 con-

tains examples of operators.

The ! operator causes a Boolean inclusive OR to be performed bit

by bit between the left-hand term and the right-hand term. (The

inclusive OR is explained in Chapter 1 of INTRODUCTION TO
PROGRAMMING.) There is an option which can be given to the

assembler to have "!" interpreted as a 6-bit left shift of the left

term prior to the inclusive OR of the right. According to this inter-

pretation:

if A=l and B=2
then A!B=0102
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Table 3-2 Use of Operators

Expression Also written as: Result

7777+2 -1+2 + 1

7776-3 -2-3 7773 or -5
0T2
2|0

1000T7 7000 or -1000
0%12
12%
7777% 1 -1%1 7777 or -1
7000% 1000 -1000% 1000 7

1%2

Under normal conditions A !B would be 0003. The & operator

causes a Boolean AND to be performed bit by bit between the left

and right values. The operation is the same as that indicated by the

memory reference instruction AND.
SPACE has special significance depending on the context in

which it is used. When the symbol preceding the space is not a

memory reference instruction as in the following example:

SMA CLA

it causes an inclusive OR to be performed between them. In this

case, SMA=7500 and CLA=7600. The expression SMA CLA is

assembled as 7700. When SPACE is used following pseudo-opera-

tors it merely delimits the symbol. When it is used after memory
reference operators it also signals the assembler that a memory
reference instruction must be assembled.

User-defined symbols are treated as operate instructions. For

example:

»

A=333
*200

B, CLA

Possible expressions and their values using the symbols just defined

are shown below. Notice that the assembler reduces each expres-

sion to one 4-digit (octal) word:
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A 0333

B 0222

A+B 0555

A-B 0111

-A 7445

1-B 7557 -

B-1 0221

A!B 0333 (an inclusive OR is performed)

-71 7707

If the information generated is to be loaded, the current location

counter is incremented. For example:

B-7;A+4;A-B

produces three words of information; the current location counter

is incremented after each expression. The statement:

HLT=HLT CLA

produces no information to be loaded (it produces an association in

the symbol table) and hence does not increment the current location

counter.

*4721

TEMP,
TEM2,

The location counter is not incremented after the line TEMP,; the

two symbols TEMP and TEM2 are assigned the same value? in this

case 4721.

Since a PDP-8 instruction has an operation code of three bits as

well as an indirect bit, a page bit, and seven address bits, the as-

sembler must combine memory reference instructions in a manner

somewhat differently from the way in which it combines operate or

IOT instructions. The assembler differentiates between the symbols

in its permanent symbol table and user-defined symbols. The fol-

lowing symbols are used as memory reference instructions:

AND 0000 Logical AND
Two's complement addition

Increment and skip if zero

Deposit and clear accumulator

Jump to subroutine

Jump
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When the assembler has processed one of these symbols, the space

following it acts as an address field delimiter.

*4100

JMP A
A, CLA

A has the value 4101, JMP has the value 5000, and the space acts

as a field delimiter. These symbols are represented as follows:

A 100 001 000 001

JMP 101 000 000 000

The seven address bits of A are taken, e.g.:

000 001 000 001

The remaining bits of the address are tested to see if they are zeros

(page zero reference); if they are not, the current page bit is set:

000 011 000 001

The operation code is then ORed into the JMP expression to form:

101 011 000 001

or, written more concisely in octal:

5301

In addition to the above tests, the page bits of the address field

are compared with the page bits of the current location counter. If

the page bits of the address field are nonzero and do not equal the

page bits of the current location counter, an out-of-page reference

is being attempted and the assembler will take action as described

in the section on Link Generation and Storage.

Special Characters

In addition to the operators described in the previous section,

PAL8 recognizes several special characters which serve specific

functions in the assembly process. These characters are:

= equal sign

, comma
* asterisk

dot

" double quote
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parentheses

[] square brackets

/ slash

5
semicolon

<> angle brackets

$ dollar sign

The equal sign, comma, asterisk, slash, and semicolon have been

previously described. The remainder will be described next.

The special character dot (.) always has a value equal to the

value of the current location counter. It may be used as any integer

or symbol (except to the left of an equal sign), and must be pre-

ceded by a space when used as an operand. For example:

*200

JMP.+2

is equivalent to JMP 0202. Also,

*300

.+2,400

will produce in location 0300 the quantity 2700. Consider:

*2200

CALL=JMS I.

0027

The second line (CALL=JMS I.) does not increment the current

location counter, therefore, 0027 is placed in location 2200 and

CALL is placed in the user's symbol table with an associated value

of 4600 (the octal equivalent of JMS I )

.

If a single character is preceded by a double quote ("), the 8-bit

value of ASCII code for the character is used rather than interpret-

ing the character as a symbol (ASCII codes are listed in Appendix

A). For example:

CLA
TAD ("A

The constant 0301 is placed in the accumulator. The code:
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will be assembled as 0256. The character must not be a carriage

return or one of the characters which is ignored on input (discussed

at the end of this section).

Left and right parentheses ( ) enclose a current page literal

(closing member is optional).

*200

CLA
TAD INDEX
TAD (2)

DCA INDEX

The left parenthesis is a signal to the assembler that the expres-

sion following is to be evaluated and assigned a word in the con-

stants table of the current page. This is the same table in which the

indirect address linkages are stored. In the above example, the

quantity 2 is stored in a word in the linkage and literals list begin-

ning at the top of the current memory page. The instruction in

which the literal appears is encoded with an address referring to the

address of the literal. A literal is assigned to storage the first time

it is encountered; subsequent reference to that literal from the cur-

rent page is made to the same register. The use of literals frees

symbol storage space for variables and makes programs much more

readable.

If the programmer wishes to assign literals to page zero rather than

to the current page, he may use square brackets, [ and ], in place of

parentheses. This enables the programmer to reference a single

literal from any page of memory. For example:

*200

TAD [2]

*500

TAD [2]
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The closing member is optional. Literals may take the following

forms: constant term, variable term, instruction, expression, or

another literal.

NOTE
Literals can be nested, for example:

*200

TAD (TAD (30

This type of nesting may be continued in

some cases to as many as 6 levels, depending

on the number of other literals on the page

and the complexity of the expressions within

the nest. If the limits of the assembler are

reached, the error messages BE (too many

levels of nesting) or PE (too many literals)

will result.

Angle brackets are used as conditional delimiters. The code en-

closed in the angle brackets is to be assembled or ignored contingent

upon the definition of the symbol or value of the expression within

the angle brackets. (The IFDEF, IFNDEF, IFZERO, and IFNZRO
pseudo-operators are used with angle brackets and are described

later in this chapter.)

NOTE
Programs which use conditionals should

avoid angle brackets in comments as they

may be interpreted as beginning or termi-

nating the conditional.

The dollar sign character .($) is optional at the end of a program

and is interpreted as an unconditional end-of-pass. It may however

occur in a text string, comment or " term, in which case it is inter-

preted in the same manner as any other character.

The following characters are handled by the assembler for the

pass 3 listing, but are otherwise ignored:

FORM FEED Used to skip to a new page

LINE FEED Used to create a line spacing without causing

a carriage return

RUBOUT Used by the EDITOR to allow corrections in

the input file
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Nonprinting characters include:

SPACE
TAB
RETURN

INSTRUCTIONS
There are two basic groups of instructions: memory reference and

microinstructions. Memory reference instructions require an op-

erand, microinstructions do not.

Memory Reference Instructions

In PDP-8 computers, some instructions require a reference to

memory. They are appropriately designated memory reference in-

structions, and take the following format:

1 2 3 4 5 6 7 8 9 10 11

OPERATION
CODE 7 ADDRESS

j. i i i i ,

INDIRECT ADDRESSING
*

MEMORY PAGE

Figure 3-1 Memory Reference Bit Instructions

Bits through 2 contain the operation code of the instruction to be

performed. Bit 3 tells the computer if the instruction is indirect.

Bit 4 tells the computer if the instruction is .referencing the current

page or page zero. This leaves bits 5 through 1 1 (7 bits) to specify

an address. In these 7 bits, 200 octal (128 decimal) locations can

be specified; the page bit increases accessible locations to 400 octal

or 256 decimal. A list of the memory reference instructions and
their codes is given at the end of the chapter.

In PAL8 a memory reference instruction must be followed by a

space(s) or tab(s), an optional I or Z designation, and any valid

expression. It may be defined with the FIXMRI instruction. (See

pg. 3-33; Altering the Permanent Symbol Table.) Permanent sym-

bols may be defined using the FIXTAB instruction and may be

used in address fields as shown below:

A=1234
FIXTAB
TAD A
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Indirect Addressing

When the character I appears in a statement between a memory

reference instruction and an operand, the operand is interpreted as

the address (or location) containing the address of the operand to

be used in the current statement. Consider:

TAD 40

which is a direct address statement, where 40 is interpreted as the

location on page zero containing the quantity to be added to the

accumulator. References to locations on the current page and page

zero may be done directly. "For compatibility with older paper-tape

assemblers the symbol Z is also accepted as a way of indicating a

page zero reference, as follows: v

TAD Z 40

This is an optional notation, not differing in effect from the pre-

vious example. Thus, if location 40 contains 0432, then 0432 is

added to the accumulator. Now consider:

TAD I 40

which is an indirect address statement, where 40 is interpreted as

the address of the location containing the quantity to be added to

the accumulator. Thus, if location 40 contains 0432, and location

432 contains 0456, then 456 is added to the accumulator.

NOTE
Because the letter I is used to indicate in-

direct addressing, it is never used as a vari-

able. Likewise the letter Z, which is some-

times used to indicate a page zero reference,

is never used as a variable.

Microinstructions

Microinstructions are divided into two groups: operate and

Input/Output Transfer (IOT) microinstructions. Operate micro-

instructions are further subdivided into Group 1, Group 2, and

Group 3 designations.
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NOTE
If a programmer mistakenly specifices an

illegal combination of microinstructions, the

assembler will perform an inclusive OR be-

tween them; for example

:

CLL SKP is interpreted as SPA
(7100) (7410) (7510)

OPERATE MICROINSTRUCTIONS
Within the operate group, there are three groups of microinstruc-

tions which cannot be mixed. Group 1 microinstructions perform

clear, complement, rotate and increment operations, and are des-

ignated by the presence of a in bit 3 of the machine instruction

word.

1 2 3 4 5 6 7 8 5 10 n

1 1 1 CLA CLL CMA CML BSW IAC

ROTATE AC AND L RIGH
ROTATE AC AND L LEFT

t
H >

r\cinrUIC IC A 1

(BSW IF BITS 8,9 ARE 0)

LOGICAL SEQUENCE: l-CLA.CLL 2-CMA.CML

3-IAC 4-RAR,RAL,RTR,RTL,BSW

Figure 3-2 Group 1 Operate Microinstruction Bit Assignments

Group 2 microinstructions check the contents of the accumulator

and link and, based on the check, continue to or skip the next in-

struction. Group 2 microinstructions are identified by the presence

of a 1 in bit 3 and a in bit 1 1 of the machine instruction word.

X)

i i i

i

CLA SMA SZA SNL OSR HLT

11

REVERSE SKIP SENSING OF BITS 5, 6,7 IF SET *

LOGICAL SEQUENCE: 1 (BIT 8 IS 0)-SAAA OR SZA OR SNL

(BIT 8 IS 1 ) - SPA AND SNA AND SZL

2 -CLA
3 -OSR, HLT

Figure 3-3 Group 2 Operate Microinstruction Bit Assignments
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Group 3 microinstructions reference the MQ register. They are

differentiated from Group 2 instructions by the presence of a 1 in

bits 3 and 11, The other bits are part of a hardware arithmetic

option.

10 11

OPERATION
CODE 7 CLA MQA MQl

JCONTAINS Al TO .

SPECIFY GROUP3
KE8-E EXTENDED ARITHMETIC ELEMENT -

CONTAINS Al TO SPECIFY GROUP 3 —
t

Figure 3-4 Group 3 Operate Microinstruction Bit Assignments

Group 1 and Group 2 microinstructions cannot be combined since

bit 3 determines either one or the other. Within Group 2, there are

two groups of skip instructions. They can be referred to as the OR
group and the AND group.

OR Group AND Group

SMA SPA

SZA SNA
SNL SZL

The OR group is designated by a in bit 8, and the AND group

by a 1 in bit 8. OR and AND group instructions cannot be com-

bined since bit 8 determines either one or the other.

If the programmer does combine legal skip instructions, it is

important to note the conditions under which a skip may occur.

1. OR Group—If these skips are combined, in a statement, the

inclusive OR of the conditions determines the skip. For

example:

SZA SNL

The next statement is skipped if the accumulator contains

0000 or the link is a 1 or both.

2. And Group—If the -skips are combined in a statement, the

logical AND of the conditions determines the skip. For

example:

SNA SZL

The next statement is skipped only if the accumulator differs

from 0000 and the link is 0.
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INPUT/OUTPUT TRANSFER MICROINSTRUCTIONS
These microinstructions initiate operation of peripheral equip-

ment and effect an information transfer between the central pro-
cessor and the Input/Output device(s); i.e., console terminal, and
line printer.

Autoindexing

Interpage references are often necessary for obtaining operands
when processing large amounts of data. The PDP-8 computers
have facilities to ease the addressing of this data. When one of the

absolute locations from 10 to 17 (octal) is indirectly addressed, the

contents of the location is incremented before it is used as an
address and the incremented number is left in the location. This
allows the programmer to address consecutive memory locations

using a minimum of statements. It must be remembered that

initially these locations (10 to 17 on page 0) must be set to

one less than the first desired address. Because of their char-

acteristics, these locations are called autoindex registers. No
incrementation takes place when locations 10 to 17 are ad-

dressed directly. For example, if the instruction to be executed
next is in location 300 and the data to be referenced is on
the page starting at location 5000, autoindex register 10 can be
used to address the data as follows:

0276 1377 TADC4777 /=5000-l
0277 3010 DCA10 /SET UP AUTO INDEX
0300 1410 TAD 1 10 /INCREMENT TO 5000

/BEFORE USE AN AN
ADDRESS

0377 4777 C4777,4777

When the instruction in location 300 is executed, the contents

of location 10 will be incremented to 5000 and the contents of

location 5000 will be added to the contents of the accumulator.

When the instruction TAD I 10 is executed again, the contents

of location 5001 will be added to the accumulator, and so on.

PSEUDO-OPERATORS
The programmer uses pseudo-operators to direct the assembler

to perform certain tasks or to interpret subsequent coding in a
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certain manner. Some pseudo-ops generate storage words in the

object program, other pseudo-ops direct the assembler how to pro-

ceed with the assembly. Pseudo-ops are maintained in the per-

manent symbol table. The function of each PAL8 pseudo-op is

described below.

Indirect and Page Zero Addressing

The pseudo-operators I and Z are used to specify the type of

addressing to be performed. These were discussed earlier in the

chapter.

Radix Control

Numbers used in a source program are initially considered to be

octal numbers. However, the programmer may change or alternate

the radix interpretation by the use of the pseudo-operators

DECIMAL and OCTAL. The DECIMAL pseudo-op interprets all

following numbers as decimal until the occurrence of the pseudo-op

OCTAL. The OCTAL pseudo-op resets the radix to its original

octal base.

Extended Memory
The pseudo-op FIELD instructs the assembler to output a field

setting so that it may recognize more than one memory field. This

field setting is output during pass 2 and is recognized by the Abso-

lute Loader which in turn causes all subsequent information to be

loaded into the field specified by the expression.- The form is:

FIELD n
*

n is an integer, a previously defined symbol, or an expression with-

in the range to 7.

This field setting is output on the binary file during pass 2

followed by an origin setting of 200. This word is read by the

ABSLDR when it is executed and begins loading information into

the new field.

The field setting is never remembered, in binary, by the assem-

bler and no initial field setting is output. However, it appears as

the high-order digit of the Location Counter on the listing. A
binary file produced without field settings will be loaded into field

when using the ABSLDR.
A symbol in one field may be used to reference the same location

in any other field. The field to which it refers is determined by the
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use of the CDF and CIF instructions. (The programmer who is

unfamiliar with the IOTs but wishes to use them should refer to

the PDP/8E SMALL COMPUTER HANDBOOK and experi-

ment with several short test programs to satisfy himself as to their

effect.) CDF and CIF instructions must be used prior to any in-

struction referencing a location outside the current field, as shown

in the following example:

200
TAD P301
DCF 00
CIF 10
JMS PRINT
CIF 10
JMP NEXT

P301, 301
FIELD 1

* 200
NEXT, TAD P302

CDF 10

JMS PRINT
HLT

P302, 302
PRINT,

TLS
TSF
JMP .-1

CLA
RDF
TAD PCDIF
DCA .+1
000
JMP I PRINT

PCDIF, CDF CIF

When FIELD is used, the assembler follows the new FIELD

setting with an origin at location 200. For this reason, if the pro-

grammer wants to assemble code at location 400 in field 1 he must

write:

FIELD 1 /CORRECT EXAMPLE
*400

The following is incorrect and will not generate the desired code:

*400 /INCORRECT
FIELD 1
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Specifying the /O option to PAL8 inhibits the origin to 200 after

a FIELD pseudo-op.

End-Of-File

PAUSE signals the assembler to stop processing the file being
read. The current pass is not terminated, and processing continues
with the next file. The PAUSE pseudo-op is present mainly for

compatability with paper tape assemblers, and its use is optional.

Resetting The Location Counter

The PAGE n pseudo-op resets the location counter to the first

address of page n, where n is an integer, a previously defined sym-
bol, or a symbolic expression, whose terms have been defined pre-

viously and whose value is from to 37 inclusive. If n is not speci-

fied, the location counter is reset to the next logical page of mem-
ory. For example:

PAGE 2 sets the location counter to 00400
PAGE 6 sets the location counter to 01400

If the pseudo-op is used without an argument and the current loca-

tion counter is at the first location of a page, it will not be moved.
In the following example, the code TAD B is assembled into

location 00400:

*377

JMP .-3

PAGE
TADB

If several consecutive PAGE pseudo-ops are given, the first will

cause the current location counter to be reset as specified. The rest

of the PAGE pseudo-ops will be ignored.

Entering Text Strings

The TEXT pseudo-op allows a string of text characters to be
entered as data and stored in 6-bit ASCII by using the pseudo-op
TEXT followed bya space or spaces, a delimiting character (must
be a printing character), the string of text, and the same delimiting

character. Following the last character, a 6-bit zero is inserted as a
stop code. For example:

TAG, TEXT/123*/
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The "string would be stored as:

6162

6352

0000

The IF option inhibits the generation of the extra 6-bit zero char-

acter.

Suppressing The Listing

Those portions of the source program enclosed by XLIST

pseudo-ops will not appear in the listing file; the code will be

assembled, however.

Two XLIST pseudo-ops may be used to enclose the code to be

suppressed in which case the first XLIST with no argument will

suppress the listing, and the second will allow it again. XLIST

may also be used with an expression as an argument; a listing will

be inhibited if the expression is equal to zero, or allowed if the ex-

pression is not equal to zero. XLIST pseudo-ops never appear in

the assembly listing.

Reserving Memory
ZBLOCK instructs the assembler to reserve n words of memory

containing zeroes, starting at the word indicated by the current

-

location counter. It is of the form:

ZBLOCK n

For example:

ZBLOCK 40

causes the assembler to reserve 40 (octal) words. The n may be an

expression. If n=0, no locations are reserved.

Conditional Assembly Pseudo-Operators

The IFDEF pseudo-op takes the form:

IFDEF symbol <source code>

If the symbol indicated is previously defined, the code contained

in the angle brackets is assembled; if the symbol is undefined, this

code is ignored. Any number of statements or lines of code may be

contained in the angle brackets. The format of the IFDEF state-

ment requires a single space before and after the symbol.
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The IFDEF pseudo-op is similar, in form to IFDEF and is ex-

pressed:

IFNDEF symbol <source code>

If the symbol indicated has not been previously defined, the

source code in angle brackets is assembled. If the symbol is defined,

the code in the angle brackets is ignored. The IFZERO pseudo-op
is of the form:

IFZERO expression <source code>

If the evaluated (arithmetic or logical) expression is equal to

zero, the code within the angle brackets is assembled; if the expres-

sion is non-zero, the code is ignored. Any number of statements or

lines of code may be contained in the angle brackets. The expres-

sion may not contain any imbedded spaces and must have a single

space preceding and following it. IFNZRO is similar in form to

the IFZERO pseudo-op and is expressed:

IFNZRO expression <source code>

If the evaluated (arithmetic or logical) expression is not equal

to zero, the source code within the angle brackets is. assembled; if

the expression is equal to zero, this code is ignored. Pseudo-ops can
be nested, for example:

IFDEF SYM<IFNZRO X2 <...> >

The evaluation and subsequent inclusion or deletion of statements

is done by evaluating the outermost pseudo-op first.

Controlling Binary Output

NOPUNCH causes the assembler to cease binary output but
continue assembling code. It is ignored except during pass 2.

ENPUNCH causes the assembler to resume binary output after

NOPUNCH, and is ignored except during pass 2. For example,
these two pseudo-ops might be used where several programs share
the same data on page zero. When these programs are to be loaded
and executed together, only one page zero need be output.

Controlling Page Format

The EJECT pseudo-op causes the listing to jump to the top of
the next page. A page eject is done automatically every 55 lines;
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EJECT is useful if the user requires more frequent paging. If this

pseudo-op is followed by a string of characters, the first 50 (octal)

characters of that string will be used as a new header line.

Typesetting Pseudo-Operator

DTORG is used in typesetting to output a two frame DECtape

block number (4 digits) in the binary tape. The form of this pseudo-

op is as follows:

DTORG expression

The first frame on the binary tape includes channels 7 and 8

punched (in the same manner as a FIELD setting) as a signal to a

special typesetting loader that the following data is to be loaded

into DECtape block n. The DTORG setting is added into the

checksum, unlike the FIELD setting, which is not included.

DTORG and FIELD should not be used in the same program.

Calling OS/ 8 User Service Routine

The pseudo-operators DEVICE and FILENAME may be used

by calls to the OS/8 User Service Routine, but have no other

meaning to the assembler. The form for these pseudo-ops is:

DEVICE name

FILENAME name.extension

When using DEVICE, the name can be from 1 to 4 alphanumeric

characters. These are trimmed to 6-bit ASCII and packed into 2

words, filled in with zeroes on the right if necessary. With

FILENAME (FILENA is also acceptable) the name (or name.-

extension) may be from 1 to 6 alphanumeric characters and

the optional extension may be 1 or 2 characters. The characters are

trimmed to 6-bit ASCII and packed 2 to a word. Three words are

allocated for the filename, filled with zeroes on the right if less than

6 characters are specified, followed by one word for the extension.

For example:

L, FILENAME ABC.DA

is equivalent to the following coding:

L, 0102

0300

0000

0401
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Relocation Pseudo-Op

It is sometimes desirable to assemble code at a given location

and then move it to another location for execution. This may result

in errors unless the relocated code is assembled in such a way that

the assembler assigns symbols their execution-time addresses rather

than their load-time addresses. The RELOC pseudo-op establishes

a virtual location counter without altering the actual location

counter. The line:

RELOC expr

sets the virtual location counter to expr. The line:

RELOC

sets the virtual location counter equal to the actual location counter

and terminates the relocation section.

Example:

0400 *400

2000 « RELOC 2000

02000* 1377 CODE, TAD (CODE
02001* 3005 DCA5
02177* 2000 PAGE

0600 RELOC

The location marked CODE is loaded into location 400, but the

assembler treats it as if it were" loading into location 2000. The

asterisks after the location- values indicate that the virtual and the

actual location counters differ for that line of code. RELOC always

causes current page literals to be dumped.

Altering The Permanent Symbol Table

PAL8 contains a table of symbol definitions for the PDP-8 and

OS/8 peripheral devices. These are symbols such as TAD, DCA,

and CLA, which are used in most PDP-8 programs. This table is

considered to be the permanent symbol table for PAL8.

If the user purchases one or more optional devices whose instruc-

tion set is not defined among the permanent symbols (for example

EAE or an A/D converter), he would want to add the necessary

symbol definitions to the permanent symbol table in every program

he assembles.
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Conversely, the user who needs more space for user-defined

symbols would probably want to delete all definitions except the

ones used in his program. For such purposes, PAL8 has three

pseudo-ops that can be used to alter the permanent symbol table.

These pseudo-ops are recognized by the assembler only during

pass 1 . During either pass 2 or pass 3 they are ignored and have

no effect.

EXPUNGE deletes the entire permanent symbol table, except

pseudo-ops.

FIXTAB appends all presently defined symbols to the perma-

nent symbol table. All symbols defined before the occurrence of

FIXTAB are made part of the permanent symbol table for the

current assembly.

To append the following instructions to the symbol table, the

user generates an ASCII file called SYM.PAL containing:

MUY=7405 /MULTIPLY
DVI=7407 /DIVIDE
CLSK=6131 /SKIP ON CLOCK INTERRUPT
FDCTAB /SO THAT THESE WON'T BE

/PRINTED IN THE SYMBOL TABLE

The ASCII file is then entered in PAL8's input designation. The

user may also place the definitions at the beginning of the source

file. This eliminates the need to load an extra file. Each time the

assembler is loaded, PAL8's permanent symbol table is restored.

The third pseudo-op used to alter the permanent symbol table in

PAL8 is FIXMRI. FTXMRI is used to define a memory reference

instruction and is of the form:

FIXMRI name=value

The letters FIXMRI must be followed by one space, the symbol

for the instruction to be defined, an equal sign, and the value of the

symbol. The symbol will be defined and stored in the symbol table

as a memory reference instruction. The pseudo-op must be repeated

for each memory reference instruction to be defined. For example:

EXPUNGE
FIXMRI TAD=1000
FIXMRI DCA=3000
CLA=7200
FIXTAB
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When the preceding program segment is read into the assembler
during pass 1, all symbol definitions are deleted and the three sym-
bols listed are added to the permanent symbol table. Notice that

CLA is not a memory reference instruction. This process can be
performed to alter the assembler's symbol table so that it contains
only those symbols used at a given installation or by a given pro-
gram. This may increase the assembler's capacity for user-defined

symbols in the program.

LINK GENERATION AND STORAGE
In addition to handling symbolic addressing on the current page

of memory, PAL8 automatically generates links for off-page refer-

ences. If reference is made to an address not on the page where an
instruction is located, the assembler sets the indirect bit (bit 3) and
an indirect address linkage will be generated on the current mem-
ory page. If the off-page reference is already an indirect one, the
error diagnostic II (illegal indirect) will be generated. For example:

2117
A, CLA

*2600

JMPA

In the example above, the assembler will recognize that the register

labelled A is not on the current page (in, this case 2600 to 2777)
and will generate a link to it as follows:

1. In location 2600 the assembler will place the word 5777
which is equivalent to JMP 1 2777.

2. In address 2777 (the last available location on the current

page) the assembler will place the word 2117 (the actual

address of A).

During pass 3, the octal code for the instruction will be followed by
an apostrophe (') to indicate that a link was generated.

Although the assembler will recognize and generate an indirect

address linkage when* necessary, the programmer may indicate an
explicit indirect address by the pseudo-op I. The assembler cannot
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generate a link for an instruction that is already specified as being

an indirect reference. In this case, the assembler will print the error

message II (illegal indirect). For example:
t

2117
A, CLA

*2600

JMP I

A

The above coding will not work because A is not defined on the

page where JMP I A is attempted, and the indirect bit is already

set.

Literals and links are stored on each page starting at page

address 177 (relative) and extending toward page address

(relative). Whenever the origin is then set to another page, the

literal buffer for the current page is output. This does not affect

later execution. There is room for 160 (octal) literals and links on

page zero and 100 (octal) literals on each other page of memory.

Literals and links are stored only as far down as the highest in-

struction on the page. Further attempts to define literals will result

in a PE (page exceeded) or ZE (page zero exceeded) error message.

CODING PRACTICES
A neat printout (or program listing, as it is usually called) makes

subsequent editing, debugging, and interpretation much easier than

if the coding were laid out in a haphazard fashion. The coding

practices listed below are in general use, and will result in a

readable, orderly listing.

1. A title comment begins with a slash at the left margin.

2. Pseudo-ops may begin at the left margin; often, however,

they are indented one tab stop to line up with the executable

instructions.

3. Address labels begin at the left margin. They are separated

from succeeding fields by a tabulation.

4. Instructions, whether or not they are preceded by a label

field, are indented one tab stop.
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5. A comment is separated from the preceding field by one or

two tabs (as required) and a slash; if the comment occupies

the whole line it usually begins with a slash at the left mar-

gin.

PROGRAM PREPARATION AND ASSEMBLER OUTPUT
The following program was generated using the OS/ 8 EDITOR

and was assembled with PAL8.

/SAMPLE PAL8 PROGRAM
/GETS INPUT FROM KBDj HALTS WHEN "E" IS TYPED

200
BEGIN, KCC

KSF
JMP .-1 /WAIT FOR FLAG
KRB /READ IN CHARACTER
TAD <-"E
SNA CLA /IS IT E?
HLT
JMP BEGIN+1

/END OF EXAMPLE
$

The program consists of statements and pseudo-ops and is

terminated by the dollar sign ($). If the program is large, it can be

segmented by placing it into several files; this often facilitates the

editing of the source program since each section will be physically

smaller.

The assembler initially sets the current location counter to 0200.

This counter is reset whenever the asterisk (*) is processed.

The assembler reads the source file for pass 1 and defines all

symbols used. During pass 2, the assembler reads the source file

and generates the binary code using the symbol table equivalences

defined during pass 1. The binary file that is output may be loaded

by the Load command. This binary file consists of an origin setting

and data words.

During pass 3, the assembler reads the source file and generates

the code from the source statements. The assembly listing is output

in ASCII code. It consists of the current location counter, the

generated code in octal, and the source statement. Unless options

are chosen to suppress paging or to change the header, the first 50

(octal) characters of the first line of the source program will be used
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as a heading for each page followed by the assembler version num-
ber, the date and the listing page number. The 5-digit first column
is the field number and 4-digit octal address (current location

counter); the 4-digit second column is the assembled object code.

The symbol table is printed at the end of the pass. The pass 3 out-

put is:

/SAMPLE PAL8 PROGRAM

/SAMPLE PAL8 PROGRAM
/GETS INPUT FROM KBD, HALTS WHEN «E« IS TYPED

0200 *200
00200 6032 BEGIN, KCC
00201 6031 KSF
00202 5201 JMP .-1 /WAIT FOR FLAG
00203 6036 KRB /READ IN CHARACTER
00204 1377 TAD C-"E
00205 7650 SNA CLA /IS IT E?
00206 7402 HLT
00207 5201

/END OF
JMP BEGIN+1
EXAMPLE

00377 7473
$

/SAMPLE PALS PROGRAM

BEGIN 0200

TERMINATING ASSEMBLY
PAL8 will terminate assembly and return to the Monitor under

any of the following conditions:

1. Normal exit: The end of the source program was reached

on pass 2 (or pass 3 if a listing is being generated).

2. Fatal error: One of the following error conditions was found

and flagged (see the next section):

BE DE DF PH SE

3

.

CTRL/C: If typed by the user, control returns to the Monitor.
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PAL8 ERROR CONDITIONS
PAL8 will detect and flag error conditions and generate error

messages on the console terminal. The format of the error message
is:

CODE address

where code is a 2-letter code which specifies the type of error, and
address is either the absolute octal address where the error occurred

or the address of the error relative to the last symbolic tag (if there

was one) on the current page. For example, the following code:

BEG, TAD LBL
%TAD LBL

would produce the error message:

IC BEG+0001

since % is an illegal character.

On the pass 3 listing, error messages are output as 2-character

messages on the line just prior to the line in which the error oc-

curred. The following table lists the PAL8 error codes. Those

labeled Fatal Error are followed immediately by an effective

CTRL/C.

Table 3-3 PAL8 Error Codes

Error Code Meaning

BE Two PAL8 internal tables have overlapped. This situa-

tion can usually be corrected by decreasing the level of
literal nesting or the number of current page literals used
prior to this point on the page. Fatal error: assembly
cannot continue.

CF Chain to CREF error. CREF.SV was not found on
SYS: .

DE , Device error. An error was detected when trying to read

or write a device. Fatal error assembly cannot continue.

DF Device full. Fatal error: assembly cannot continue.

IC Illegal character. The character is ignored and the as-

sembly is continued.
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Table 3-3 PAL 8 Error Codes (Cont.)

Error Code Meaning

ID Illegal redefinition of a symbol. An attempt was made
to give a previous symbol a new value by means other

than the equal sign. The symbol is not redefined.

IE Illegal equals. An attempt was made to equate a variable

to an expression containing an undefined term. The vari-

able remains undefined.

II Illegal indirect. An off-page reference was made; a link

could not be generated because the indirect bit was al-

ready set.

IP Illegal pseudo-op. A pseudo-op was used in the wrong
context or with incorrect syntax.

IZ Illegal page zero reference. The pseudo-op Z was found

in an instruction which did not refer to page zero. The Z
is ignored.

LD The /L or /G options have been specified and the Abso-

lute Loader is not present on the system.

LG Link generated. This code is printed only if the /E option

was specified to PAL8.

PE Current non-zero page exceeded. An attempt was made

1. Override a literal with an instruction,

2. Override an instruction with a literal.
#

3. Use more literals than the assembler allows on that

page.

This can be corrected by decreasing either the number of

literals on the page or the number of instructions on the

page.

PH Phase error. A conditional assembly bracket is still in

effect at the end of the input stream. This is caused by

non-matching < and > characters in the source file.

RD Redefinition. A permanent symbol has been defined

with =. The new and old definitions do not match. The

redefinition is allowed.

SE Symbol table exceeded. Too many symbols have been

defined for the amount of memory available. Fatal error:

assembly cannot continue.
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Table 3-3 PAL8 Error Codes (Cont)

Error Code Meaning

UO Undefined origin. An undefined symbol has occurred in

an origin statement.

US Undefined symbol. A symbol has been processed during

pass 2 that was not defined before the end of pass 1.

ZE Page exceeded. This is the same as PE except with

reference to page 0.

PAL8 PERMANENT SYMBOL TABLE
The following are the most commonly used elements of the

PDP-8 instruction set and are found in the permanent symbol table

within the PAL8 Assembler. For additional information on these

instructions and for a description of the symbols used when pro-

gramming other optional devices, see THE SMALL COMPUTER
HANDBOOK, available from the DIGITAL Software Distribution

Center. (All times are in microseconds and representative of the

PDP-8/E.)

Mnemonic Code Operation Time

Memory Reference Instructions

AND 0000 Logical AND 2.6

TAD 1000 Two's complement add 2.6

ISZ 2000 Increment and skip if zero 2.6

DCA 3000 Deposit and clear AC 2.6

JSM 4000 Jump to subroutine 2.6

JMP 5000 Jump 1-2

IOT 6000 In/Out transfer —
OPR 7000 Operate 1.2

Group 1 Operate Microinstructions (1 cycle = 1.2 microseconds)

NOP 7000 No operation

IAC 7001 Increment AC 3

BSW 7002 Byte swap 3

RAL 7004 Rotate AC and link left one 4

RTL 7006 Rotate AC and link left two 4
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Mnemonic Code Operation Sequence

Rotate AC and link right one 4
Rotate AC and link right two 4
Complement the link 2

Complement the AC 2
Clear link 1

Clear AC 1

RAR 7010
RTR 7012

CML 7020

CMA 7040
CLL 7100
CLA 7200

vjxOup i, operate

.

HLT 7402

OSR 7404

SKP 7410

SNL 7420

SZL 7430

SZA 7440

SNA 7450

SMA 7500

SPA 7510

Halts the computer 3

Inclusive OR SR with AC 3

Skip unconditionally

Skip on non zero link

Skip on zero link

Skip on zero AC
Skip on non zero AC
Skip on minus AC
Skip on positive AC (zero is

positive) 1

Group 3 Operate Microinstructions

MQA 7501 Multiplier Quotient OR into AC
MQL 7421 Load Multiplier Quotient

SWP 7521 Swap AC and Multiplier Quo|ient

Combined Operate Microinstructions

CIA 7041 Complement and increment AC 2.3

STL 7120 Set link to 1 1.2

GLK 7204 Get link (put link in AC, bit 1 1) 1.4

STA 7240 Set AC to -1 2.0

LAS 7604 Load AC with SR 2.3
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Mnemonic Code Operation Time

Internal IOT Microinstructions

SKON 6000 Skip with interrupts on and turn

them off

ION 6001 Turn interrupt processor on 1.2

IOF 6002 Turn interrupt processor off 1.2

GTF 6004 Get flags

RTF 6005, Restore flag, ION
SGT 6006 Skip if "Greater Than" flag is set

CAF 6007 Clear all flags

Keyboard/Reader (1 cycle)

KCF 6030 Clear keyboard flags

KSF 6031 Skip on keyboard/reader flag 1.2

KCC 6032 Clear keyboard/reader flag and

AC; set reader run 1.2

KRS 6034 Read keyboard/reader buffer

(static) %, 1.2

KIE 6035 Set/clear interrupt enable

KRB 6036 Clear AC, read keyboard buffer

(dynamic), clear keyboard flags 1.2

Teleprinter/Punch (1 cycle)

TFL 6040 Set teleprinter flag

TSF 6041 Skip on teleprinter/punch flag 1.2

TCF 6042 Clear teleprinter/punch flag 1.2

«TPC 6044 Load teleprinter/punch and

print 1.2

TSK 6045 Skip on keyboard or teleprinter

flag .1.2

TLS 6046 Load teleprinter/punch, print,

and clear teleprinter/punch flag 1 .2
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Mnemonic Code Operation Time

High iSpeed Perforated Tape Reader

RPE 6010 Set Reader/Punch interrupt en-

able 1.2

RSF 6011 Skip if reader flag=l 1.2

RRB 6012 Read reader buffer and clear
"

flag 1.2

RFC 6014 Ciear flag and buffer and fetch

character 1.2

High!Speed Perforated Tape Punch

PCE "6020 Clear Reader/Punch interrupt

enable 1.2

PSF 6021 Skip if punch flag=l 1.2

PCF 6022 Clear flag and buffer 1.2

PPC 6024 Load buffer and punch character 1.2

PLS 6026 Clear flag and buffer, load buffer

and punch character 1.2
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INTRODUCTION

The OS/ 8 SABR assembler is a modified version of the 8K

SABR assembler which is designed to run under the OS/8 Oper-

ating System.

The OS/ 8 SABR assembler can be used as the automatic sec-

ond pass of the FORTRAN compiler, called separately to do

assemblies of FORTRAN compiled files, or used as an independent

assembler with its own assembly language. In addition, SABR
statements may be used in an OS/8 FORTRAN program, expand-

ing the capabilities of the FORTRAN language.

Calling and Using OS/8 SABR
Unless otherwise specified, the SABR assembler is called auto-

matically by the system to assemble the output of a FORTRAN
compilation. At other times the user can call SABR by typing:

R SABP
*

in response to the dot printed by the Keyboard Monitor. When

the Command Decoder prints an asterisk at the left margin, the

user types the appropriate device assignations, I/O files, and any

of the acceptable options.

The line to the Command Decoder consists of to 3 output de-

vice and file designations, 1 to 9 input device and file designations,

and the desired option ( s ) . The form is

:

*BINARY,LISTING,MAP<INPUT FILE (S)/OPTION(S)

where BINARY represents the binary output, LISTING the list-

ing output, and MAP the Linking Loader loading map input. Un-

less alternate extensions are indicated, SABR assumes the following

extensions:
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File Type Extension

input file .SB

binary output RL
listing output .LS

If no binary output file is indicated, no binary output will be gen-

erated. However, if the /L or /G options are specified, a binary

file will be generated under the assigned name SYS:FORTRL.TM.

OS/8 SABR OPTIONS
The options which can be included in a command string to OS/

8

SABR are listed in Table 4-1

.

Table 4-1 SABR Options

Option Meaning

/F Indicates that the input file is an 8K FORTRAN
output file.

/G Calls the Linking Loader, loads the program into

core and begins execution. If a binary output file is

not specified, then FORTRL.TM is loaded into core

and deleted from the file device. If a starting address

is not specified (using the options to the Linking

Loader), control is sent to the program entry point

MAIN (the FORTRAN compiler gives this name
automatically to the main program).

/L Calls the Linking Loader at the end of the assembly

and loads the specified binary file. If a binary out-

put file is not specified, then the temporary file

FORTRL.TM is loaded into core and deleted from
the file device. The Loader then either returns to the

Keyboard Monitor with a core image or asks for

more input, depending on whether an ALT MODE
or RETURN key has terminated the input line.

/N Outputs the symbol table but not the rest of the list-

ing (applicable only if a listing file is specified).

/S Omits the symbol table from the listing (applicable

only if a listing file is specified).
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When the /L or /G options are specified, -any options to the

Linking Loader (described, in the section concerningJhe Linking

Loader) can be included in the command string for SABR. This

does not include the /L (Library) option of the Linking Loader,

since it would conflict with the SABR /L option.

NOTE
The FORTRAN compiler, automatically,

generates an entry point named , MAIN
whose address is the beginning of the pro-

gram. When writing a main program in

SABR, the user should specify the entry

point MAIN with the entry pseudo-op in

order to symbolically specify the starting ad-

dress to the Linking Loader. (Otherwise the

starting address must be specified to the

Loader as a five digit address.)

EXAMPLES OF OS/8 SABR I/O

SPECIFICATION COMMANDS
Example 1:

.R SABR
*FORTRN. TM/F/G

DSK:FORTRN.TM is assembled as a FORTRAN output file and

the relocatable binary is loaded and started at the entry point

MAIN.
Example 2:

. R SABR
*SYS TEERL^TTY:<TEE/S

The input file TEE.SB (or TEE) on DSK: is assembled. The re-

locatable binary goes to the output file TEERL.RL on SYS:, the

listing without a symbol table goes to the terminal

.
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THE CHARACTER SET

ALPHABETIC
In addition to the letters A through Z, the following are con-

sidered by SABR to be alphabetic:

[ left bracket

] right bracket

\ back slash

t up arrow

NUMERIC
SABR recognizes the numbers:

0-9

SPECIAL CHARACTERS
The following printing and non-printing characters are legal:

>
Comma delimits a symbolic address label

/ Slash indicates start of a comment

( Left parenthesis indicates a literal

a Quote precedes an ASCII constant
— Minus sign negates a constant

# Number sign increases value of preceding sym-

bol by one

RETURN terminates a statement

(carriage return)

3
Semicolon terminates an instruction

LINE FEED ignored

FORM FEED ignored

SPACE separates and delimits items on

the statement line

TAB same as space

RUBOUT ignored

All other characters are illegal except when used as ASCII

constants following a quote ("), or in comments or text strings.

Legal characters used in ways different from the above, and all

illegal characters, cause the error message C (Illegal Character) to

be printed by SABR.

4-4



STATEMENTS
SABR symbolic programs are written as a sequence of state-

ments and are usually prepared on the terminal, on-line, with the

aid of the Symbolic Editor program. SABR statements are virtually

format free. Each statement is terminated by typing the RETURN
key. (Editor automatically provides a line feed). Two or more

statements can be typed on the same line using the semicolon as a

separator.

A statement line is composed of one or all of the following ele-

ments: label, operator, operand and comment, separated by spaces

or tabs (labels require a following comma). The types of elements

in a statement are identified by the order of appearance in the line,

and by the separating or delimiting character which follows or

precedes the element.

Statements are written in the general form:

label, operator operand /comment (preceded by slash)

SABR generates one, or possibly more, machine (binary) in-

structions or data words for each source statement.

An input line may be up to 72i characters long, including

spaces and tabs. Any characters beyond this limit are ignored.

The RETURN key (CR/LF) is both an instruction and a line

terminator. The semicolon may be used to terminate an instruction

without terminating a line. If, for example, the programmer wishes

to write a sequence of instructions to rotate the contents of the

accumulator (AC) and link (L) six places to the right, it might

look like this:

RTR
RTR
RTR

Using the semicolon, the programmer may place all three RTR's on

a single line, separating each RTR with a semicolon and termir

nating the line with the RETURN key. The preceding sequence of

instructions could then be written:
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rtr;rtr;rtr (terminated with the RETURN key)

This format is particularly useful when creating a list of data:

0200 0020 LIST, 20;50J-30;62
0201 00 50
0202 77 50
0203 0062

Null lines may be used to format program listings. A null line

is a line containing only a carriage return and possibly spaces or
tabs. Such lines appear as blank lines in the program listing.

Labels

A label is a symbolic name or location tag created by the pro-

grammer to identify the address of a statement in the program.

Subsequent references to the statement can be made merely by
referencing the label. If present, the label is written first in a state-

ment and terminated with a comma.

C AT1TT fh

0201 1200 ABC, TAD SAVE

SAVE and ABC are labels referencing the statements in location

0200 and 0201, respectively.

Operators

An operator is a symbol or code which indicates an action or

operation to be performed, and may be one of the following:

1. A direct or indirect memory reference instruction

2. An operate or IOT microinstruction

3. A pseudo-operator

All SABR operators, microinstructions and memory reference

instructions are summarized in Appendix C.
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Operands

An operand represents that part of the statement which is manip-

ulated or operated upon, and may be a numeric constant, a literal

or a user-defined address symbol.

In the example last given , SAVE represents an operand.

CONSTANTS
Constants are data used but not changed by a program and are

of two types: numeric and ASCII. ASCII constants are used only

as parameters. Numeric constants may be used as parameters or as

operand addresses, for example:

0200 1412 TAD I 12

Constant operand addresses are treated as absolute addresses,

just as a symbol defined by an ABSYM statement (see Symbol

Definition) . References to them are not generally relocatable,

therefore, they should be used only with great care. The primary

use of constant operand addresses is to reference locations on page

(see Linkage Routine Locations for free locations on page of

each field). All constant operand addresses are assumed to be in

the field into which the program is loaded by the Linking Loader.

Constants may not be added to or subtracted from each other or

from symbols.

Numeric Constants

A numeric constant consists of a single string of from one to

four digits. It may be preceded by a minus sign (— ) to negate the

constant. The digit string will be interpreted as either octal or

decimal according to the latest permanent mode setting by an

OCTAL or DECIM pseudo-operator (explained under Assembly

Control). Octal mode is assumed at the beginning of assembly.

The digits 8 and 9 must not appear in an octal string.

0200 50 20 Av 5020
020 1 7575 -203

DECIM
0202 0120 80

ASCII Cpnstants

Eight-bit ASCII values may be created as constants by typing

the ASCII character immediately following a double quotation
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marks ("). A minus sign may be used to negate an alphabetic con-

stant. The minus sign must precede the quotation mark.

0200 0273 A,
0201 7477 -"A /-301
0202 0207 " /BELL FOLLOWS "

The following are illegal as alphabetic constants: carriage return,

line feed, form feed and rubout.

LITERALS
A literal is a numeric or ASCII constant preceded by a left

parenthesis. The use of literals provides a special and convenient

way of generating constant data in a program. The value of the

literal will be assembled in a table near the end of the core page on

which the instruction referencing it is assembled. The instruction it-

self will be assembled as an appropriate reference to the location

where the numeric value of the literal is assembled. Literals are

normally used by TAD and AND instructions, as in the following

examples:

0200 0376 A, AND C777
201 137 5 TAD (-50

0202 1374 TAD ("C

0375 7730
0376 0777

The numeric conversion mode is initially set to octal, but is con-

trollable with the DECIM and OCTAL pseudo-operators. This

mode can be changed on a local basis by inserting a D (decimal)

or a K (octal) between the left parenthesis and the constant. For

example:

(D32 becomes 0040 (octal)

(K-32 becomes 7746 (octal)

This usage is confined only to the statement in which it is found

and does not alter the prevailing conversion mode.

A literal may also be used as a parameter (i.e., with no opera-

tor). In this case the numeric value of the literal is assembled as
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usual in the literal table near the end of the core page currently

being assembled, and a relocatable pointer to the address of the

literal is assembled in the location where the literal parameter

appeared.

0200 0376 01 A. (20

0376 0020

This feature is intended primarily for use in passing external

subroutine arguments with the ARG pseudo-operator, which is

explained in greater detail later in the chapter.

PARAMETERS
A parameter is generally either a numeric constant, a literal or

a user-defined address symbol, which is intended to represent data

rather than serve as an instruction. It appears as an operand in a

statement line containing no operator. (An exception to this is a

parameter used in conjunction with the ARG pseudo-operator, ex-

plained in Subroutines.) In the following example, 200 and —320,

M, and PGOADR all represent parameters.

0200 0200 " ABC' 200;-320J"M
0201 7460
0202 0315
0203 0176 ' "POINTR, PGOADR

SYMBOLS
Symbols are composed of legal alphanumeric characters and are

delimited by a non-alphanumeric character. There are two major

types of symbols: permanent, and user-defined.

Permanent Symbols

Permanent symbols are predefined and maintained in SABR's

permanent symbol table. They include all of the basic instructions

and pseudo-operators in Appendix C. These symbols may be used

without prior definition by the user.
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User-Defined Symbols

A user-defined symbol is a string of from one to six legal alphas

numeric characters delimited by a non-alphanumeric character.

User-defined symbols must conform to the following rules:

1

.

The characters must be legal alphanumerics-

—

ABCD . . . XYZ, [] \f and 0123456789.

2. The first character must be alphabetic,

3. Only the first six characters are meaningful. A symbol

such as INTEGER would be interpreted as 1NTEGE.
Since the symbols GEORGE 1 and GEORGE2 diSer only

in the seventh character, they would be treated as the

same symbol: GEORGE.
4. A user-defined symbol cannot be the same as any of the

pre-defined permanent symbols.

5. A user-defined symbol must be defined only once. Sub-

sequent definitions will be ineffective and will cause SABR
to type the error message M (Multiple Definition).

A symbol is defined when it appears as a symbolic address label

or when it appears in an ABSYM, COMMN, OPDEF or SKPDF
statement (see Pseudo-Operators). No more than 64 different user-

defined symboh may occur on any one core page.

Equivalent Symbols

When an address label appears alone on a line—with no instruc-

tion or parameter—the label is assigned the value of the next ad-

dress assembled.

TAG I,

TAG2, 30
TAG3,

TAG1 and TAG2 are equivalent symbols in that they are as-

signed the same value. Therefore, a TAD TAG1 will reference the

data at TAG2. TAG3, however, is not equivalent to TAG2. TAG3
would be defined as 1 greater than TAG2.

Comments
- A programmer may add notes to a statement by preceding them

with a slash mark. Such comments do not affect assembly or pro-

gram execution but are useful in interpreting the program listing
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for later analysis and debugging. Entire lines of comments may be

present in the program.

None of the special characters or symbols have significance

when they appear in a comment.

/THIS IS A COMMENT .LINE.
/THIS ALSO, tad; call; #"-2C+=!
A, TAD SAVE /SLASH STARTS COMMENT

INCREMENTING OPERANDS
Because SABR is a one-pass assembler and also because it

sometimes generates more than one machine instruction for a

single user instruction, operand arithmetic is impossible. State-

ments of the form:

TAD TAG+3
TAD LIST-LIST2
JMP .+6 •

are illegal. However, by appending a number sign to an operand

the user can reference a location exactly one greater than the

location of the operand (the next sequential location) : TAD
LOC# is equivalent to the PAL language statement TAD LOC+1.

0200 00 20 LOC, 20
0201 00 30 30

0202 1200 START, TAD LOC /GET 20

0203 1201 TAD LOC#
PAGE -

/GET 30

0400 0200 A, LOC
0401 0201 B. - LOC#

In assembling #-type references SABR does not attempt to de-

termine if multiple machine code words are generated at the sym-

bolic address referenced.

START, TAD I LOC /LOC IS. Q.FF-PAGE
NOP /USER HOPES TO MODIFY

TAD C7500 /SMA
DCA START#
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In the preceding example the user wishes to change the NOP in-

struction to an SMA. However, this is not possible because TAD
I LOC will be assembled as three machine code words; if START
is at 0200, the NOP will be at 0203. The SMA will be inserted at

0201, thus destroying the second word of the TAD I LOC execu-

tion.

To avoid this error, the user should carefully examine the as-

sembly listing before attempting to modify a program with #-type

references. In the previous example the proper sequence is:

0202 40 67 START, TAD I LOC
0203 0200 01
0204 140 7

20 5 7000 VAR, NOP
0206 1377 TAD C7500
0207 320 5 DCA VAR
0377 7500

The #-sign feature is intended primarily for manipulating

DUMMY variables when picking up arguments from external sub-

routines and returning from external subroutines (see Passing Sub-

routine Arguments).

PSEUDO-OPERATORS
Table 4-2 lists all the pseudo-operators available in SABR,

whether used as a free-standing assembler, or in conjunction with

the Fortran compiler. The pseudo-operators are categorized and

explained in the following paragraphs.
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Table 4-2 SABR Pseudo-Operators

Mnemonic Code Operation

ABSYM Direct absolute symbol definition, used to indi-

cate an absolute core address. For example:

ABSYM TEM 177 /PAGE ZERO ADDRESS

ARG Argument for subroutine call, indicating a value

to be transmitted, one value per ARG state-

ment. Used only with CALL. For example:

NIj ARG C50
N2, ARG LOCATN

BLOCK Reserve storage block; reserves n words of core

by placing zeros in them. For example:

BLOCK 200
BLOCK 100

/RESERVE 300
/(OCTAL) LOCATIONS

CALL Call external subroutine. For example:

CALL 2; SUBR"

where 2 is the number of arguments to be

passed and SUBR is the subroutine name.

COMMN Common storage definition, used to name loca-

tions in field 1 as externals to be referenced by

any program. For example:

COMMN 20 /20 WORDS IN COMMON

CPAGE Check if page will hold data, followed by the

number of words of code which must be kept

together in a unit on a page. That number of

words following the CPAGE will be assembled

as a unit on the next available core page.

DECIM Decimal conversion, numeric conversion in-

terprets all numbers input as being decimal

numbers.
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Table 4-2 SABR Pseudo-Operators (Cont.)

Mnemonic Code Operation

DUMMY Dummy argument definition, used in passing

arguments to and from subroutines. DUMMY
variables are defined in the subprograms which
reference them. For example:

ENTRY Al
DUMMY X
DUMMY Y

EAP Enter automatic paging mode, restore-automatic

paging (See LAP).

END End of program or subprogram.

ENTRY Define program entry point, used at beginning

of subprograms to give name of entry point for

the Linking Loader. For example:

ENTRY SUBROU
SUBROU^ BLOCK 2

FORTR Assemble FORTRAN tape.

I Symbolic representation for indirect addressing.

For example:

DCA I ADD

IF Conditional assembly, of form:

IF NAME;

LAP

If the symbol NAME has been previously de-

fined, the statement has no effect. If NAME is

not defined, the next 7 symbolic instructions

are not assembled.

Leave automatic paging. Assembler is initially

set for automatic jumps to the next core page
when the current page is full (or upon REORG
or PAGE statements). This feature can be sup-

pressed with LAP.
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Table 4-2 SABR Pseudo-Operators (Cont)

Mnemonic Code Operation

OCTAL Octal conversion, numeric conversion is orig-

inally set to octal and can be changed back to

octal after a DECIM pseudo-op has been used.

OPDEF Define non-skip operator. For example:

OPDEF DTRA 6761

PAGE Terminate current page, begin assembly of suc-

ceeding instructions on next core page.

PAUSE Pause for next tape, designed to allow large

source tapes to be broken into several smaller

segments. Assembly is continued by pressing

the CONT switch.

REORG Terminate page and reset origin; origin settings

are always to the first address of a page. For
example:

REORG 1000

RETRN Return from external subroutine, the name of

the subroutine being left must be specified. Be-
fore the RETRN statement is used, the pointer

in the second word of the subprogram entry

must be incremented to the point following all

arguments in the calling program (after the

CALL statement).

SKPDF Define skip-type operator. For example:

SKPDF DTSF 6771

TEXT Text string similar to BLOCK, except that the

argument is a text string. Characters are stored

in six-bit stripped ASCII with a printing char-

acter used to delimit the string. For example:

TAG j TEXT /123*/

the string would be stored as:

6162
6352
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Table 4-2 SABR Pseudo-Operators (Cont)

Mnemonic Code Operation

Odd characters are filled with zeros on the

right.

The floating-point accumulator (in field 1).

ACH High-order word

ACM Middle word.

ACL Low-order word.

Assembly Control

END

PAUSE

Every program or subprogram to be assembled

must contain the END pseudo-op as its last line.

If this requirement is not met, an error message

(E) is given.

The PAUSE pseudo-op causes assembly to halt

and is designed to allow the programmer to break

up a large source tape into several smaller seg-

ments. To do this, the programmer need only

place a PAUSE statement at the end of each sec-

tion of his source program except the last. Each

of these sections of the program is then output as

an individual tape. When assembly halts at a

PAUSE, the user removes the source tape just

read from the reader and inserts the next one.

Assembly may then be continued by pressing the

CONTinue switch.

WARNING
The PAUSE pseudo-op is designed specifi-

cally for use at the end of partial tapes and

should not be used otherwise.

The reason for this is that the reader routine may

have read data from the paper tape into its buffer

that is actually beyond the PAUSE statement.
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DECIM

OCTAL

Consequently, when CONTinue is pressed after

the PAUSE is found by the line interpreting rou-

tine, the entire content of the reader buffer fol-

lowing the PAUSE is destroyed, and the next tape

begins reading into a fresh buffer. Thus, if there

is any meaningful data on the tape beyond the

PAUSE statement, it will be lost.

Initially the numeric conversion mode is set for

octal conversion. However, if the user wishes, he

may change it to decimal by use of the DECIM
pseudo-op.

If the numeric conversion mode has been set to

decimal, it may be changed back to octal by use

of the OCTAL pseudo-op.

No matter which conversion mode has been per-

manently set, it may always be changed locally

for literals by use of the (D or (K syntax described

earlier. For example:

0200 0320 START , 320
DECIM

201 0500 - 320
020 2 0377 01 CK320
0203 1000 512

OCTAL
0204 0512 512
0205 0376 01 (D512
0206 0320 320

•

• E^D
•

0376 1000
0377 0320

LAP

EAP

The assembler is initially set for automatic genera-

tion of jumps to the next core page when the page

being assembled fills up (Page Escapes), or when

PAGE or REORG pseudo-ops are encountered.

This feature may be suppressed by use of the

LAP (Leave Automatic Paging) pseudo-op.

If the user has previously suppressed the auto-

matic paging feature, it may be restored to op-

eration by use of the EAP (Enter Automatic

Paging) pseudo-op.
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REORG

The PAGE pseudo-op causes the current core

page to be assembled as is. Assembly of succeed-

ing instructions will begin on the next core page.

No argument is required.

The REORG pseudo-op is similar to the PAGE
pseudo-op, except that a numerical argument

specifying the relative location within the sub-

program where assembly of succeeding instruc-

tions is to begin must be given. A REORG below

200 may not be given. A REORG should always

be to the first address of a core page. If a REORG
address is not the first address of a page, it will

be converted to the first address of the page it

is on.

0200 7200 START,," GLA
PAGE

0400 7040 CMA
REORG 1000

1000 7041 CIA

CPAGE The CPAGE pseudo-op followed by a numerical

argument N specifies that the following N words of

code 1 must be kept together in a single unit and

not be split up by page escapes and literal tables.

If the N words of code will not fit on the current

page of code, the current page is assembled as if a

PAGE pseudo-op had been encountered. The N
words of code will then be assembled as a unit on

the next core page. An example follows.

NOTE
N must be less than or equal to 200 (octal)

in nonautomatic paging mode or less than or

equal to 176 octal in automatic paging mode.

1 Normally data. However, if these N words are instructions, for example
a CALL with arguments, it is the user's responsibility to count extra

machine instructions which must be inserted by SABR.
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200 7200 START, CLA
LAP /INHIBIT PAGE ESCAPE
CPAGE 200 /CLOSES THE

0400 0000 NAME1 /CURRENT PAGE
0401 0000 NAME2 /AND ASSEMBLES

/THE NEXT PAGE

IF The conditional pseudo-op, IF, is used with the

following syntax:

IF NAME., 7

The action of the pseudo-op in this case is to first

determine whether the symbol NAME has been

previously defined. If NAME is defined, the

pseudo-op has no effect. If NAME is not defined,

the next seven symbolic instructions (not counting

null lines and comment lines) will be treated as

comments and not assembled.

/ABSYM NAME 176
IF NAME, 2 - /THE NEXT LINE

CLL RTL /TO BE ASSEMBLED
RAL /WILL BE "DCA LOC"

/IF THE SLASH BEFORE "ABSYM NAME 176"

/IS REMOVED, THE "CLL RTL" AND "RAL"
/WILL BE ASSEMBLED.

3200 3201 DCA LOC
3201 0000 LOC,

Normally the symbol referenced by an IF state-

ment should be either an undefined symbol or a

symbol defined by an ABSYM statement. If this

is done, the situation mentioned below cannot

occur.

WARNING
In a situation such as the following, a special

restriction applies.
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NAME,

IF NAME, 3

The restriction is that if the line NAME, hap-

pens to occur on the same core page of instruc-

tions as the IF statement, then, even though it is

before the IF statement, NAME will not have been

previously defined when the IF statement is en-

countered, and on the first pass (though not in the

listing pass) the three lines after the IF statement

will not be assembled. The reason for this is that

location tags cannot be denned until the page on

which they occur is assembled as a unit.

Symbol Definition

ABSYM

OPDEF
SKPDF

An absolute core address may be named using the

ABSYM pseudo-op. This address must be in the

same core field as the subprogram in which it is

defined. The most common use of this pseudo-op

is to name page zero addresses not used by the

operating system. These addresses are listed under

Linkage Routine Locations.

Operation codes not already included in the sym-

bol table may be denned by use of the OPDEF or

SKPDF pseudo-ops. Non-skip instructions must

be denned with the OPDEF pseudo-op and skip-

type instructions must be defined with the SKPDF
pseudo-op.

Examples of ABSYM, OPDEF and SKPDF syn-

tax:

0177 ABSYM TEM 177 /PAGE ADDRESSE
0010 ABSYM AX 10
6761 OPDEF DTRA 6761 /NON-SKIP INSTR.
6771 SKPDF DTSF 6771 /SKIP-TYPE INSTR
7 540 SKPDF SMZ 7540
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NOTE
ABSYM, OPDEF and SKPDF definitions

must be made before they are used in the

program.

COMMN ' The COMMN pseudo-op is used to name loca-

tions in field 1 as externals so that they may be

referenced by any program. If any COMMN state-

ments are used, they must occur at the beginning

of the source, before everything else including

the ENTRY statement. Common storage is always

in field 1 and is allocated from location 0200

upwards. Since the top page of field 1 is reserved,

no more than 3840i words of common storage

may be defined.

A COMMN statement normally takes a symbolic

address label, since storage is being allocated.

However, common storage may be allocated with-

out an address label.

A COMMN statement always takes a numerical

argument which specifies how many words of

common storage are to be allocated; however, a

- argument is allowed. A COMMN statement

with argument allocates no common storage;

it merely defines the given location symbol at the

next free common location.

The syntax of the COMMN statement is shown

as follows

:

20 A, CCKMN 23

0220 B, C OMMN 10

0230 COMMN 300
0530 C, C CMMN
0530 D, COMMN 10

ENTRY SUERUT

In this example- 20 words of common storage are

allocated from 0200 to 0217, and A is denned

at location 0200. Then, 10 words are allocated
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from 0220 to 0227, and B is defined at 0220.

Notice that if A is actually a 30 word array, this

example equates B ( 1 ) with A (2 1 )

.

The example continues by allocating common
storage from 0230 to 0527 with no name being

assigned to this block. Then 10 words are al-

located from 0530 to 0537 with both C and D
being defined at 0530.

Data Generating

BLOCK The BLOCK pseudo-op given with a numerical

argument N will reserve N words of core by

placing zeros in them. This pseudo-op creates

binary output, and thus may have a symbolic

address label.

Before the N locations are reserved, a check is

made to see if enough space is available for them

on the current core page. If not, this page is as-

sembled and the N locations are reserved on the

next core page. The action here is similar to that

of the CPAGE pseudo-op. Similar restrictions on

the argument apply.

/EXAMPLE OF HOW LARGE BLOCK STORAGE
/MAY BE ACHIEVED WITHIN A SUBPROGRAM AREA

LAP /INHIBIT PAGE ESCAPES
BLOCK 200 /RESERVE 500
BLOCK 200 /C0CTAL) LOCATIONS
BLOCK 100
EAP /RESUME NORMAL CODING

As a special use, if the BLOCK pseudo-op is used

with a location tag (but with no argument or a

zero argument), no code zeros are assembled; in-

stead the symbolic address label is made equiv-

alent to the next relative core location assembled.

(This is equivalent to using a symbolic address

label with no instruction on the same line.)
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0200 0000 ' LIST., BLOCK 3 /ASSEMBLES AS
0201 0000
0202 0.000

/THREE ZEROS
/WITH "LIST"
/DEFINED AT THE
/FIRST LOCATION

NAME1* BLOCK /DEFINES NAME1=
NAME2, BLOCK .0 /NAME2=NAME3=
NAME3* /NAME4

0203 0000 NAME4, BLOCK 2

0204 0000

TEXT The TEXT pseudo-op is used to obtain packed

six-bit ASCII text strings. Its function and use

are almost exactly the same as for the BLOCK
pseudo-op except that instead of a numerical ar-

gument, the argument is a text string. In partic-

ular, a check is made to be sure that the text

string will fit on the current page without being

interrupted by literals, etc.

The text string argument must be contained on

the same line as the TEXT pseudo-op. Any print-

ing character may be used to delineate the text

string. This character must appear at both the be-

ginning and the end of the string. Carriage return,

line feed and form feed are illegal characters

within a text string (or as delineators). All char-

acters in the string are stored in simple stripped

six-bit form. Thus, a tab character (ASCII 211)

will be stored as an 11, which is equivalent to the

coding for the letter I. In general, characters out-

side the ASCII range of 240-337 should not be

used.

0200
0201
0202
0203
0204
0205
0206
0207
0210
0211

2405
3024
400 5

3001
1520
140 5

40 61
6263
5273
7700

TAG , TEXT /TEXT EXAMPLE 123*;?/
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SUBROUTINES
A subroutine is a subprogram which performs a specific opera-

tion and is generally designed so that it can be used more than

once or by more than one program. Direction of flow goes from the

main, or calling, program to the subroutine, where the action is

performed, followed by a return back to the address following the

subroutine call in the main program.

Internal subroutines are those subroutines which can only be

called from within a program. This type of subroutine is used

extensively in nearly all PDP-8 programs, and is handled through

the use of the JMS, JMS I, and JMP I instructions. An example of

an internal subroutine call follows:

200 7300 START, CLA CLL
201 1204 TAD N /GET NUMBER IN AC

0202 4206 JMS TWO /TRANSFER TO SUB-
ROUTINE

20 3 320 5 DCA RESLT /STORE NUMBER
/(CONTROL RETURNS
/HERE)

0204 0001 N, .1

0205 0000 RESLT,

/SUBROUTINE
0206 0000 TWO,
0207 7104 CJ.I. RAL /ROTATE LEFT AND

/MULTIPLY BY 2
019 101 1J\ rX(A C7i yrurnv rr>p nfCD^' i

0211 7402 HLT /STOP IF OVERFLOW
0212 6201 5 JMP I TWO /RETURN TO MAIN
0213 5606

/PROGRAM
END

The main program picks up a number (N) and jumps to the

subroutine (TWO) where N is multiplied by two. A check is made,

and if there is no overflow, control returns to the main program

through the address stored at the location TWO.
External subroutines are distinguished from internal subrou-

tines by the fact that they may be called by a program which has

been compiled, or assembled, without any knowledge of where the

subroutine will be located in core memory. Thus, external sub-

routines must be loaded with a relocatable linking loader. This

makes it possible for a programmer to build a library of frequently
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used programs and subroutines which can be combined in various

configurations, and eliminates the need to reassemble, or recompile,

each individual program when a minor change is made in the

system.

A call to an external subroutine can be illustrated using the

following FORTRAN programs:

' iparm=5 (Calling Program)
Call two uparm)
write (1,100) iparm

100 FORMAT (15)
END.

subroutine two(IARG) (Subroutine)

IARG=IARG+IARG
RETURN
END

NOTE
Care should be exercised when naming a

function or subroutine. It must not have the

same name as any of the assembler mne-

monics or pseudo-ops or FORTRAN/SABR
library functions or subroutines, as errors are

likely to result. The symbol table for SABR
Assembler is listed in Appendix C, and the

library functions are described in the section

The Subprogram Library.

Any time a subroutine is called, it must have data to process.

This data is contained in parameters in the calling program which

are then passed to the subroutine. The data is picked up by the

subroutine where it is referred to as arguments. (The subroutine

actually picks up the arguments by a series of TAD I's, and one

final TAD I for an integer argument, or by a call to the IFAD

subroutine if a floating point argument. This is illustrated in the

section entitled SABR Programming Notes.) SABR has special

pseudo-operators which facilitate the passing/handling of argu-

ments, and each will be explained in turn.

CALL and ARG
The CALL pseudo-op is used by the main program to transfer

control to the subroutine and is of the form:
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CALL.n,NAME

where n represents a one or two-digit number (62i maximum)
indicating the number of parameters to be passed to the subrou-

tine, and NAME (separated from n by a comma) represents the

symbolic name of the subroutine entry point.

The Assembler must know the number of parameters which

follow the call so that enough room on the current page can be

allowed. The CALL pseudo-op and its corresponding parameters

must always be coded on the same memory page; that is, there

must be no intervening page escapes. (Page format and page es-

capes are discussed later in the chapter.

)

The ARG pseudo-op is used only in conjunction with CALL
and consists of the symbol ARG followed by one of the para-

meters (referred to as arguments in the subroutine) to be passed.

One ARG statement must be coded for each parameter.

In the previous FORTRAN example, the main program, (or it

may have been a subroutine) called a subroutine named TWO, and

supplied one argument:

CALL 1,TW0
ARG IPARM

SABR actually assembles the above instructions as follows (the

user may wish to consult the section concerning the Loader Relo-

cation Codes)

:

0200 0000 IPARM, BLOCK 1

0206 4033 CALL 1..TW0

20 7 0103 06
0210 6201 5 ARG IPARM
0211 0200 01

END

4-26



ENTRY and RETRN
In the subroutine, the ENTRY statement must occur before the

name of the entry point appears as a symbolic address label. The

actual entry location must be a two-word reserved space so that

both the return address and field can be saved when the routine

is called. Execution of the subroutine begins at the first location

following the two-word ENTRY block. For example, the TWO
subroutine mentioned in the previous example would begin as fol-

lows:

ENTRY TWO
200 0000 TWO* BLOCK 2

201
•

0000

•

•

0227 mm RETRN TWO
0230 '

0001 06
END

When a subroutine is referenced in a CALL statement, the

Run-Time Linkage Routine LINK executes the transfer to the sub-

routine. It assumes that the entry point to the routine is a two-

word block. Into the first word of this block it places a CDF in-

struction which specifies the field of the calling program. In the

second word it places the address from which the CALL occurred.

(This is analogous to the operation of the JMS instruction.) In

the previous example, if the MAIN program had been in field 0,

a 6201 would have been deposited in the location at TWO, and a

0210 at TWO #.

The RETRN statement allows the user to return to the calling

program from the subroutine. The name of the subroutine being

returned from must be specified in the RETRN statement so that

the Return Linkage Routine can determine the action required,

and also because a subroutine may have differently named ENTRY
points. (This is analagous to the operation of a JMP I instruction.)

When a subroutine is entered, the second word of the entry name
block contains the address of the argument or next instruction

immediately following the subroutine call in the calling program,

and it is to this address that control returns.

4-27



Example

A user wishes to write a long main program, MAIN 2
, which

uses two major subroutines, SI and S2. SI requires two arguments

and S2 one argument. The user writes MAIN, SI, and S2 as three

separate programs in the following manner:

ENTRY MAIN
MAIN, CLA /START OF MAIN

CALL 2, SI

ARG X
ARG Y
CALL 1*S2
ARG Z

END

SI

S2,

ENTRY SI

BLOCK 2

•

•

RETRN SI

END

ENTRY S2
BLOCK
•

2

s

•

RETRN S2
END

SI could also contain calls to S2, or S2 calls to SI. Each of these

programs is independently assembled with SABR and loaded with

the Linking Loader. During the loading process, all of the proper

addresses will be saved in tables so that when the user begins

execution of MAIN, the Run-Time Linkage Routines (see SABR

2 A useful procedure in SABR programming is to provide an ENTRY
point named MAIN in the main program at the address where execution

is to begin. This assures that the starting address of the program will

appear in the Linking Loader's symbol print-out where it may be easily

referenced. If using OS/ 8, execution will begin at this address auto-

matically, eliminating the need to specify a 5-digit starting address.
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Operating Characteristics), which were automatically loaded, will

be able to execute the proper reference. Thus, MAIN will be able

to fully use SI and S2 and be able to pass data to and receive it

from them.

Passing Subroutine Arguments

DUMMY "

A DUMMY pseudo-op is used in SABR to define a two word

block which contains an argument address. Indirect instructions

are used to pass arguments to and from subroutines through these

DUMMY variables. If a DUMMY variable is referenced indirectly,

it causes a CALL to the DUMMY Variable Run-Time Linkage

Routine (see Run-Time Linkage Routines) which assumes that

the DUMMY variable is a two-word reserved space where the

first word is a 62N1 (CDF N), with N representing the field of

the address to be referenced, and that the second word contains a

12-bit address.

As\an example, consider the FORTRAN subroutine TWO
shown earlier. This could be written in SABR as follows (the user

may wish to refer to the section concerning the Subprogram

Library):

/CALLED BY: CALL TWO C IARG

)

..ENTRY TWO /DEFINE THE
/ENTRY PT. USED

DUMMY IARG /TO PICK UP ARC
0200 0000 IARG j BLOC:k 2

20 1 0000
0202 0000 TWO, BLOCK 2 /ENTRY POINT
0203 0000
0204 4067 TAD I TWO
20 5 20 2 01

20 6 140 7

0207 2203 INC TW0# . /GET ARG ADDR:

0210 3200 DCA IARG
021 1 4067 TAD I TWO
0212 0202 01

21,3 140 7

0214 2203 INC TWO#
0215 3201 DCA IARG#
0216 4067 TAD I IARG /GET ARGUMENT
0217 0200' 01

0220 140 7
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0221
0222
0223
0224
0225
0226

0227
0230

4067
0200
140 7

4067
0200
3407

01

01

4040
0001 06

/INTO AC
TAD I IARG /ADD IT AGAIN

DCA I IARG /RETURN ARG . TO

RETRN TWO

END

/CALLING PROGRAM

A second example may be one in which a user has written a

FORTRAN program which contains a call to a SABR subroutine

ADD:

20

A=2
N = 3

CALL ADD(A,N,C)
WRITE (1,20)C
FORMAT C THE SUM
STOP
END

IS' ,F6.1

>

The FORTRAN program is compiled and the resulting SABR
code translates the subroutine call as follows

:

0223 4033 CALL 3, ADD
0224 30 5 06
0225 6201 05 ARG A
0226 0200 01
0227 6201 05 ARG N
0230 0203 01
0231 6201 05 ARG C

0232 0204 01

The CALL statement defines 3 parameters—A, N, and C, and the

subroutine name ADD. The subroutine itself would appear as

follows (the DUMMY variables X, K, and Z.facilitate the passing

of the arguments to and from the subroutine)

:
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0200 0000
0201 0000
0202 0000
0203 0000
0204 0000
0205 0000
0206 0200 01
207 0000

0210 0000
0211 0000
0212 0000
0213 1206
0214 3207
0215 1377
0216 3210
0217 4067
0220 0211 01
0221 1407
0222 2212
0223 6201 05
0224 3607
0225 2207
0226 2210
0227 5217
0230 4067
0231 0202 01
0232 1407
0233 4033
0234 0002 06

0235 4033
0236 0103 06
0237 6201 05
0240 0200 01
0241 4033
0242 0104 06
0243 6201 05
0244 0204 01
0245 4040
0246 0001 06
377 7772

/CALLED BY: CALL ADD CX,K*Z>
ENTRY ADD
DUMMY X
DUMMY K
DUMMY Z

X, BLOCK 2

K* BLOCK 2

z, BLOCK 2

XPNT, X
PNTR,
CNTR,
ADD, BLOCK 2

TAD XPNT
DCA PNTR
TAD (-6
DCA CNTR

Al, TAD I ADD

INC ADD*
DCA I PNTR

INC PNTR
ISZ CNTR
JMP Al
TAD I K

/ENTRY POINT

/GET 2ND ARG

CALL 0,FLOT /CONVERT TO

/FLOATING PT.
CALL 1,1FAD /ADD 1ST ARG

ARG X

CALL l,ISTO /RETURN RESULT

ARG Z

RETRN ADD

END
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The COMMN pseudo-op may be used to specify variables as

externals so that they may be referenced by any program. This

pseudo-op has been explained under Symbol Definition; an exam-
ple of its usage is included here.

0200

0200 0000
0201 0000
0202 40 33
20 3 0102

0204 621 1

20 5 0200
20 6 4033

0207 0103
0210 6211
021 1 0200
0212 40 33
0213 0104
0214 6211
0215 0200
0216 4040
0217 0001

CSQR.,

06

06

06

06

COMMN 3 /RESERVES COMMON
/STORAGE

ENTRY CSQR /DEFINES ENTRY PT.
BLOCK 2 /ACTUAL ENTRY POINT

CALL 1,FAD /GET THE ARGUMENT

ARG C

CALL 1,FMP /MULTIPLY IT

ARG C

CALL 1,ST0 /REPLACE WITH RESUL

ARG C

RETRN CSQR /RETURN TO CALLING

/PROGRAM
END

This subroutine computes the square of a variable C. C resides

in field 1 in common storage where it can be referenced by any

calling program through argument passing. The above is equivalent

to the FORTRAN subroutine:

SUBROUTINE CSQR
COMMON C

C =C*C
RETURN
END

SABR OPERATING CHARACTERISTICS
Page-by-Page Assembly

SABR assembles page-by-page rather than one instruction at a

time. To accomplish this it builds various tables as instructions

are read. When a full page of instructions has been collected

(counting literals, off-page pointers and multiple word instruc-

tions) the page is assembled and punched. Several pseudo-opera-

tors are available to control page assembly.
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PAGE FORMAT
A normal assembled page of code is formatted as below:

xooo

X377

ASSEMBLED
INSTRUCTIONS

JUMP TO
PAGE ESCAPE

LITERALS
AND

OFF-PAGE
POINTERS

PAGE
ESCAPE

Literals and off-page pointers are intermingled in the table at

the end of the page.

PAGE ESCAPES
SABR is normally in automatic paging mode: it connects each

assembled core page to the next by an appropriate jump. This is

called a page escape. For the last page of code, SABR leaves the

Automatic Paging Mode and issues no page escape. The LAP
(Leave Automatic Paging) pseudo-operator turns off the auto-

matic paging mode, EAP (Enter Automatic Paging) turns it back

on if it has been turned off.

Two types of page escape may be generated depending on

whether or not the last instruction is a skip. If the last instruction

is not a skip, the page escape is as follows

:

»

last instruction (non-skip)

5377 (JMPtoxl77)
literals

and

off-page

pointers

X177/NOP
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If the last instruction on the page is a skip type, the page escape

takes four words, as follows:

last instruction (a skip)

5376(JMPtoxl76)
5377(JMPtoxl77)
literals

etc.

X176/SKP
X177/SKP

Multiple Word Instructions

Certain instructions in the source program require SABR to

assemble more than one machine language instruction (e.g., off-

page indirect references and indirect references where a data field

re-setting may be required). In the listing, the source instruction

will appear beside the first of the assembled binary words.

A difficulty arises when a multiple word instruction follows a

skip instruction. The user need be aware that extra instructions

are automatically assembled to enable the skip to be effected cor-

rectly.

Run-Time Linkage Routines

These routines are loaded by the Linking Loader and perform

their tasks automatically when certain pseudo-ops or coding se-

quences are encountered in the user program. The user needs

knowledge of them only to better understand the program listing.

(The user may wish to refer to the section entitled Loader Relo-

cation Codes.

)

There are seven linkage routines:

1

.

Change data field to current and skip CDFSKP
2. Change data field to 1 (common) and skip CDZSKP
3. Off-page indirect reference linkage OPISUB
4. Off-bank (common) indirect reference OBISUB

linkage

5. Dummy variable indirect reference linkage DUMSUB
6. Subroutine call linkage LINK
"7. Subroutine return linkage RTN

4-34



The individual linkage routines functionas follows :

.

1. CDFSKP is called"when a direct off-page" memory refer-

ence follows a skip-type instruction requiring the data field to be

-reset to the currenfcfield. .

Assembled

Program Code Meaning

SZA 7440

DCA LOC 4045 call CDFSKP
7410 SKP in case AC = at -2

* 3776 execute the DCA via a

pointer near the end of the
.

page.

2. CDZSKP is called when a direct memory reference is made

to a location in common (which is always in Field 1). The ac-

tion of CDZSKP is the same as that of CDFSKP except that it

always executes a CDF 10 instead of a CDF current (see Loader

Relocation Codes).

Assembled

Program Code Meaning

SZA 7440

DCA CLOC 4051 call CDZSKP
7410 SKP in case AC = at -2

3776 execute the DCA via a

pointer near the end of the

page.

3. OPISUB is called when there is an indirect reference to an

off-page location.

Program

DCA I PTR

Assembled

Code

4062

0300 01

3407

Meaning

call opisub
relative address of PTR
execute the DCA I via 0007

4. OBISUB is called when there is an indirect reference to a

location in common storage. In such a case it is assumed that the
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location in common which is being indirectly referenced points to

some location that is also in common.

Assembled

Program Code Meaning

DCAICPTR 4055 call OBISUB ~
1000 address of CPTR in Field 1

3407 execute the DCA I via 0007

5. DUMSUB is called when there is an indirect reference to

a DUMMY variable. In such a case, DUMSUB assumes that the

DUMMY variable is a two-word vector in which the first word is

a 62N1, where N = the field of the address to be referenced, and
the second word is the actual address to be referenced.

Assembled

Program Code Meaning

DCAIDMVR 4067 call DUMSUB
0300 01 relative address of DMVR
3407 execute DCA I via pointer

in location 0007

6. LINK is called to execute the linkage required by a CALL
statement in the user's program. When a CALL statement is used,

it is assumed that the entry point of the subprogram is named in

the CALL and that this entry point is a two-bit word, free block fol-

lowed by the executable code of the subprogram. LINK leaves the

return address for the CALL in these two words in the same format

as a DUMMY variable.

Assembled

Program

SUBR

Code Meaning

CALL 2, 4033 call LINK
0205 06 code word

ARGX 62M1 X resides in field M
0300 01 relative address of X

ARGC 6211 C is in common
1007 absolute address of C

7. RTN is called to execute the linkage by a RETRN state-

ment in the user's program.
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Program

RETRN SUBR

Assembled

Code Meaning

4040 call RTN
0005 06 number of the subprogram

being returned from (SUBR)

Skip Instructions

In page escapes and multiple word instructions, skip-type in-

structions must be distinguished from non-skipping instructions.

For this reason both ISZ and INC are included in the permanent

symbol table. ISZ is considered to be a skip instruction and INC
is not. INC should be used to conserve space when the program-

mer desires to increment a memory word without the possibility

of a skip.

The first example below shows the code which is assembled for

an indirect reference to an off-page location following an INC in-

struction. The second example shows the same code following an

ISZ instruction.

Example 1:

INC POINTR 0220 ' 2376
TAD I. L0C2 0221 4062

0222 520
0223 140 7

01 /OFF PAGE INDIRECT EXECUTION

Example 2:

ISZ COUNTR'
TAD I L0C2

0220
0221
0222
0223
0224
0225

2376'

7410
5226
4062
520

140 7

/SKIP TO EXECUTION
/JUMP OVER EXECUTION

II /OFF PAGE INDIRECT EXECUTION

A special pseudo-operator, SKPDF, must be used to define skip

instructions used in source programs but not included in the perma-
nent symbol table. For example:

SKPDF DTSF 6771
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Program Addresses

Since each assembly is relocatable, the addresses specified by

SABR always begin at 0200, and all other addresses are relative

to this address. At loading time, the Linking Loader will properly

adjust all addresses. For example, if 0200 and 1000 are the relative

addresses of A and B, respectively, and if A is loaded at 2000,

then B will be loaded at 2000 + (1000-0200) or 2600.

All programs to be assembled by SABR must be arranged to fit

into one field of memory, not counting page of the field, or the

top page (7600 — 7777). If a program is too large to fit into one

field, it should be split into several subprograms.

Explicit CDF or CIF instructions are not needed by SABR pro-

grams because of the availability of external subroutine calling and

common storage. Explicit CDF or CIF instructions cannot be as-

sembled properly.

The Symbol Table

Entries in the symbol table are variable in length. A one or two-

character symbol requires three symbol table words. A three- or

four-character symbol requires four words, and a five- or six-

character symbol, five words. Thus, for long programs it may be

to the user's advantage to use short symbols whenever possible.

The symbol table, not counting permanent symbols, contains

2644io words of storage. However, this space must be shared

when there are unresolved forward and external references tem-

porarily stored as two-word entries.

If we may assume that a program being assembled never has

more than 100i of these unresolved references at any one time,

this leaves 2464i words of storage for symbols. Using an average

of four words per symbol, this allows room for 616i symbols.

The OS/8 version of SABR has a smaller space for symbol

tables, leaving 136410 words of storage, or 1620i if used as the

second pass of FORTRAN II

.

Symbol table overflow is a fatal condition which generates the

error message S.

SYMBOL TABLE FLAGS
Symbols are listed in alphabetic order at the end of the assembly

pass 1 with their relative addresses beside them. The following

flags are added to denote special types of symbols:
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ABS The address referenced by this symbol is absolute.

COM The address is in common.

OP The symbol is an operator.

EXT The symbol is an external one and may or may not

be denned within this program. If not denned, there

is no difficulty; it is denned in another program.

UNDF The symbol is not an external symbol and has not

been defined in the program. This is a programmer

error. No earlier diagnostic can be given because it

is not known that the symbol is undefined until the

end of pass 1. A location is reserved for the unde-

fined symbol, but nothing is placed in it.

THE SUBPROGRAM LIBRARY
The Library is a set of subprograms which may be CALLed by

any FORTRAN/SABR program. These subprograms are auto-

matically loaded with the OS/8 FORTRAN/SABR.system; in the

paper tape system they are provided on two relocatable binary

paper tapes with part 1 containing those subprograms used by

almost every FORTRAN/SABR program. This allows the user

to load only those routines which his program makes use of, thus

conserving symbol space.

Many of the subprograms reference the Floating-Point Accumu-

lator located at ACH, ACM, ACL (20,21,22 of field 1). The

OS/8 Subprogram Library is summarized in the FORTRAN II

chapter. The organization of the library programs, as they are pro-

vided in the paper tape system, is described in the following pages.

Part 1. "IOH"
"FLOAT"

contains IOH, READ, WRITE
contains FAD, FSB, FMP, FDV, STO,

FLOT, FLOAT, FIX, IFIX,

IFAD, ISTO, CHS, CLEAR
"INTEGER" contains IREM, ABS, IABS, DIV,

MPY, IRDSW
"UTILITY" contains TTYIN, TTYOUT, HSIN,

HSOUT, OPEN, CKIO
"ERROR" contains SETERR, CLRERR, ERROR
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Part 2. "SUBSC" contains SUBSC
"POWERS" contains IIPOW, IFPOW, FIPOW,

FFPOW, EXP, ALOG
"SQRT" contains SQRT
"TRIG" contains SIN, COS, TAN
"ATAN" contains ATAN

Input/Output

READ is called to initialize the I/O handler before reading data.

WRITE is called to initialize the I/O handler before writing data.

IOH is called for each item to be read or written. IOH must also

be called with a zero argument to terminate an input-output se-

quence.

All of the programs require that the Floating-Point Accumu-
lator be set to zero before they are called.

CALL 2, READ
ARG (n

ARG fa

• ••

CALL 1, IOH

ARG data 1

CALL 1, IOH

ARG data 2

• ••

• ••

CALL 1, IOH

ARG
• ••

CALL 2, WRITE

ARG (u

ARG fa

/n=DEVICE NUMBER
/fa=ADDR OF FORMAT

/data 1=ADDR OF HIGH
/ORDER WORD OF
/FLOATING POINT
/NUMBER

/TERMINATES READ

/INITIALIZES WRITE
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The following device numbers are currently implemented:

1 (Teletype keyboard/printer)

2 (High-speed reader/punch)

3 (Card reader/line printer)

4 (Assignable device)

Floating Point Arithmetic

FAD is called to add the argument to the Floating-Point Ac-

cumulator.

CALL 1, FAD
ARG addres

FSB is called to subtract the argument from the Floating-Point

Accumulator.

CALL 1, FSB
ARG addres

FMP is called to multiply the Floating-Point Accumulator by

the argument.

CALL 1, FMP
ARG addres

FDV is called to divide the Floating-Point Accumulator by the

argument.

CALL 1, FDV
ARG addres

CHS is called to change the sign of the Floating-Point Accu-

mulator.

CALL 0, CHS

All of the above programs leave the result in the Floating-Point

Accumulator. The address of the high-order word of the floating-

point number is "addres".

STO is called to store the contents of the Floating-Point
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Accumulator in the argument-address. The floating-point accumu-
lator is cleared.

CALL 1, STO
ARG storag /storag=ADDRESS WHERE

/RESULT IS TO BE PUT

IFAD is called to execute an indirect floating-point add to the

Floating-Point Accumulator.

CALL 1, IFAD
ARG ptr /ptr=2 WORD POINTER

/TO HIGH ORDER
/ADDRESS OF FLOATING
/POINT ARGUMENT

ISTO is called to execute an indirect floating-point- store.

CALL 1, ISTO
ARG ptr

CLEAR is called to clear the Floating-Point Accumulator. The
AC is unchanged.

CALL 0, CLEAR

jl juV/Ai aim i ijv.ii ait vauvu iu CuuYCii uio llllCgCi cuiltailiCu

in the AC (processor accumulator) to a floating-point number and

store it in the Floating-Point Accumulator.

rArT , nnT CALL 1, FLOATCALL 0, FLOT or ARQ ^
IFIX and FIX are called to convert the number in the Floating-

Point Accumulator to a 12-bit signed integer and leave the result

in the AC.

CALL 0, FIX or ^L ^^ARG addr

ABS leaves the absolute value of the floating-point number at

"addr" in the Floating-Point Accumulator.

CALL 1, ABS
ARG addr
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Integer Arithmetic

MPY is called to multiply the integer contained in the AC by

the integer contained in "addr." The result is left in the AC.

CALL 1, MPY
ARG addr

DIV is called to divide the integer contained in the AC by the

integer contained in "addr." The result is left in the AC.

CALL 1, DIV
ARG addr

IREM leaves the remainder from the last executed integer divide

in the AC.

CALL 1, IREM,
ARG

(The argument is ignored.)

IABS leaves the absolute value of the integer contained in

"addr" in the AC.

CALL 1, IABS
ARG addr

IRDSW reads the value set in the console switch register into

the AC.

CALL 0, IRDSW

Subscripting

SUBSC is called to compute the address of a subscripted. vari-

able, and can be used for doubly or singly subscripted arrays. On
entry, the AC should be negative for floating-point variables—any

negative number for singly subscripted variables, and l's comple-

ment of the first dimension for doubly subscripted variables. For

doubly subscripted integer variables, the AC must be the first

dimension.

The general calling sequence for SUBSC is as follows:
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*TAD CM /1ST DIMENSION CUSED ONLY
/IF 2 DIMENSIONS)

*CMA /USED ONLY IF ARRAY IS
/FLOATING POINT

r2,SUBSC» /SINGLE SUBSCRIPT
CALL

•^SUBSC* /DOUBLE SUBSCRIPT
*ARG J /2ND DIMENSION
ARG I /1ST DIMENSION
ARG BASE /BASE ADDRESS OF ARRAY
LOCA /ADDRESS OF TWO WORD DUMMY

* Optional Statements.

For example, to load the I,J
th element of a floating-point array

whose dimensions are 5 by 7

:

TAD C5
CMA /DIMENSIONS ARE 5 BY 7

CALL 3,SUBSC
ARG J /ADDRESS OF 2ND SUBSCRIPT
ARG I /ADDRESS OF 1ST SUBSCRIPT
ARG ARRAY /BASE ADDRESS OF ARRAY
LOC /MUST BE A DUMMY VARIABLE
CALL UIFAD
ARG LOC

Functions

SQRT leaves the square root of the floating-point number at

"addr" in the Floating-Point Accumulator.

CALL 1, SQRT
ARG addr

SIN, COS, TAN leave the specified function of the floating-point

argument at "addr" in the Floating-Point Accumulator.

CALL 1, SIN

ARG addr

ATAN leaves the arctangent of the floating-point number at

"addr" in the Floating-Point Accumulator.

CALL 1, ATAN
ARG addr
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ALOG leaves the natural logarithm of the floating-point num-

ber at "addr" in the Floating-Point Accumulator.

CALL
ARG

1, ALOG
addr

EXP raises "e" to the power specified by the floating-point num-

ber at "addr" and leaves the result in the floating-point accu-

mulator.

CALL
ARG

1, EXP
addr

All of these subprograms require that the floating-point accu-

mulator be set to zero before they are called.

The POWER routines (IIPOW, IFPOW, FIPOW, FFPOW)
are called by FORTRAN to implement exponentiation. The first

operand is in the AC (floating-point or processor depending on

mode), and the address of the second is an argument. The address

of the result is in the appropriate AC upon return.

FUNCTION
NAME

MODE OF
OPERAND 1

(BASE)

MODE OF
OPERAND 2
(EXPONENT)

MODE OF
RESULT

IIPOW
IFPOW
FIPOW
FFPOW

INTEGER
-""

INTEGER
FLOATING POINT
FLOATING POINT

INTEGER
FLOATING POINT

INTEGER
FLOATING POINT

INTEGER
FLOATING POINT

FLOATING POINT
FLOATING POINT

CALL
ARG

2, FFPOW
addr 2 /ADDRESS OF OPERAND 2

Utility Routines

OPEN is called at the beginning of every FORTRAN program

to start the high-speed reader/punch and teleprinter, and to initial-

ize the I/O routines for device code 4 if using the OS/8 FOR-
TRAN/SABR system. The form is:

CALL 0,OPEN
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When an error is encountered in a program, the ERROR rou-

tine is called. The program passes to the ERROR routine the

address of the error message to be printed. The format of the

error message is 4 characters in stripped ASCII and packed into

2 words:

ENTRY ABC
2343 0102 XYZ, 0102J0304
2344 0304
2345 0000 ABC > BLOCK 2

2346 0000 •

-•

•

CALL 1, ERROR
ARG XYZ

When control passes to the ERROR routine, the parameters

passed are picked up. In the case above, the parameters are as

follows:

62N1
2343

ARG XYZ

where N is the field that XYZ is in, and 2343 is the address of

ail. jllic jLiivivvJix iOuiffic uicii piuns uic message ai luCauuu

2343 plus a 5-digit address which is 2 greater than 2343.

ABCD ERROR AT N2345

Since XYZ is 2 locations before ABC, the address printed will be

the address of ABC.
The error message is usually placed just before the entry point

of the routine in which the error was detected—thus the address

printed by ERROR will be the. address of the entry point. This

provides a convenience to the programmer since the entry point

will appear in the Loader Map.

CKIO is a subroutine which waits for the TTY flag to be set. It

is called by the OS/8 EXIT subroutine to eliminate the possibility

of a garbled TTY output. It may be used in FORTRAN for pos-

sible expansion with interrupts, and is of the form:
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CALL 0*CKIO

The following subroutines—IOPEN, OOPEN, GCLOSE,

CHAIN, EXIT, and GENIO—are used by the OS/8 FORTRAN/
SABR Operating System for device independent I/O and chaining.

DECtape I/O Routines

RTAPE and WTAPE (read and write tape) are the DECtape

read and write subprograms for the 8K FORTRAN and 8K SABR
systems. The subprograms are furnished on one relocatable binary-

. coded paper tape which must be loaded into field by the 8K

Linking Loader, where they occupy one page of core.

RTAPE and WTAPE allow the user to read and write any

amount of core-image data onto DECtape in absolute, non-file-

structured data blocks. Many such data blocks may be stored on a

single tape, and a block may be from 1 to 4096 words in length.

RTAPE and WTAPE are subprograms which may be called

with standard, explicit CALL statements in any 8K FORTRAN or

SABR program. Each subprogram requires four arguments sep-

arated by commas. The arguments are the same for both subpro-

grams and are formatted in the same manner. They specify the

following:

1. DECtape unit number (from to 7)

2. Number of the DECtape block at which transfer is to

start. The user may direct the DECtape service routine to

begin searching for the specified block in the forward direc-

tion rather than the usual backward direction by making

this argument the two's complement of the block number.

3. Number of words to be transferred (KN<4096)
4. Core address at which the transfer is to start.

DECtape I/O Routines for the FORTRAN II system are ex-

plained in Chapter 7. In 8K SABR, the CALL statements to

RTAPE and WTAPE are written in the following format (argu-

ments may be either octal or decimal numbers)

:
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CALL 4, WTAPE /WOULD BE SAME FOR RTAPE
ARG (6 /DATA UNIT NUMBER
ARG (200 /STARTING BLOCK NUMBER

/IN OCTAL
ARG (604 /WORDS TO BE TRANSFERRED

/IN OCTAL
ARG LO.CB /CORE ADDRESS * START OF

/TRANSFER

In these examples, LOCA and LOCB may or may not be in com-
mon.

As a typical example of the use of RTAPE and WTAPE, as-

sume that the user wants to store the four arrays A, B, C, and D
on a tape with word lengths of 2000, 400, 400, and 20 respectively.

Since PDP-8 DECtape is formatted with 1474 blocks (numbered
0-2701 octal) of 129 words each (for a total of 190,146 words),

A, B, C, and D will require 16, 4, 4, and 1 blocks respectively.

(The block numbers used by RTAPE and WTAPE should not be

confused with the record numbers used by OS/8. A OS/8 record

is 256 words—roughly twice the size of a DECtape block.)

Each array must be stored beginning at the start of some DEC-
tape block. The user may write these arrays on tape as follows:

CALL WTAPE (0,1, 2000, A)
CALL WTAPE (0,17, 400, B)
CALL WTAPE (0,21,400,0
CALL WTAPE (0,25,20,D)

The user may also read or write a large array in sections by

specifying only one DECtape block (129 words) at a time. For

example, B could be read back into core as follows:

CALL RTAPE (0, 1 7,258,B( 1 ) )

CALL RTAPE (0 , 1 9, 1 29,B(259 ) )

CALL RTAPE (0,20 , 1 3,B(388 ) )

As shown above, it is possible to read or write less than 129

words by starting at the beginning of a DECtape block. It is im-

possible, however, to read or write starting in the middle of a

block. For example, the last 10 words of a DECtape block may
not be read without reading the first 119 words as well.

A DECtape read or write is normally initiated with a backward
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search for the desired Hock number.. To save searching time, the

user may request RTAPE or WTAPE to start the block number

search in the forward direction. This is done by specifying the

negative of the block number. This should be used only if the

number of the next block to be referenced is at least ten block

numbers greater than the last block number used. For example,

if the user has just read array A and now wants array D, he may
write:

CALL RTAPE (0,1,2000, A)
CALL RTAPE C0,-27,20,D)

THE BINARY OUTPUT TAPE
SABR outputs each machine instruction on binary output tape

as a 16-bit word contained in two 8-bit frames of paper tape. The

first four bits contain the relocation code used by the Linking

Loader to determine how to load the data word. The last 12 bits

contain the data word itself.

-1 1 r
RELOCATION
. CODE+ +

1 1 1

—

HIGH ORDER OF
DATA WORD+ -H 4-

LOW ORDER OF DATA WORD
1

i i—

FIRST FRAME

SECOND FRAME

The assembled binary tape is preceded and followed by leader/

trailer code (code 200). The checksum is contained in the last two

frames of tape before the trailer code. It appears as a normal 16-bit

word, as shown below.

—i
1 1

—

10
+ + +

HIGH ORDER OF
CHECKSUM

LOW ORDER OF DATA WORD
_i_ i i_

FIRST FRAME

SECOND FRAME

All assembled programs have a relative origin of 0200.

Loader Relocation Codes

The four-bit relocation codes issued by SABR for use by the

Linking Loader are explained below. The codes are given in octal.

00 Absolute Load the data word at the current

loading address. No change is re-

quired.
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0205 5277 JMP LOC /toHERE LOC IS
/AT 00 7 7 COF
/CURRENT PAGE)

01 Simple

Relocation

Add the relocation constant to the

word before loading it. (The relo-

cation constant is 200 less than the

actual address where the first word

of the program is loaded.) Items

with this code are always program

addresses.

0376 0520 01 L0C2

03 External

Symbol

Definition*

In the above example, LOC2 ,is at

relative address 0520. If the first

word of the program (relative ad-

dress 0200) is loaded at 1000,

then the actual address of A is

1176 and location 1176 will be

loaded with the value 1320, which

will be the actual address of LOC2
when loaded.

The data word is the relative ad-

dress of an entry point. Before en-

tering this definition in the Linkage

Tables so that the symbol may be

referenced by other programs at

run-time, the Linking Loader must

add the relocation constant to it.

The six frames of paper tape fol-

lowing the two-frame definition are

the stripped ASCII code for the

symbol.

Does not appear in assembly listings.
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03 ADDRESS.

ADDRESS LOW ORDER

SPAGE

SPACE

04 Re-originiron*

05 CDF
Current

Change the current loading address

to the value specified by the data

word plus the relocation constant.

The data word is always a 6201

(CDF) instruction which has been

generated automatically by SABR.

The code 05 indicates to the Link-

ing Loader that the number of the

field currently being loaded into

must be inserted in bits 6-8 before

loading.

0300 6201 05
0301 1776

TAD L0C2

0376 0520 01

/WHERE L0C2 IS

/OFF PAGE SO
/THAT THE TAD
/INSTR. MUST BE
/INDIRECT

If the program containing this code

is being loaded into field 4, relative

location 0300 will be loaded with

6241.

Such an instruction is referred to

in this document as CDF Current.

It is generated automatically by

* Does not appear in assembly listings.
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06 Subroutine

Linkage

Code

SABR when a direct reference in-

struction must be assembled as an

indirect, and there is the possibility

that the current data field setting is

different from the field where the

indirect reference occurs.

The data word is a special con-

stant enabling the Linking Loader

to perform the necessary linking

for an external subroutine call,

(c.f., CALL Pseudo-op). The
structure of the data word is shown
below.

BITS 0-5 BITS 6-11

NUMBER OF
ARGUMENTS
FOLLOWING
THE CALL

4 »

LOCAL PROGRAM
NUMBER ASSIGNED
TO THE EXTERNAL
SUBROUTINE
BEING CALLED
* m-

Before the 12-bit, two-part code

word is loaded into memory, a

global external number will be sub-

stituted for the local external sym-

bol number in the right half of the

data word.

0200
0201

4033
30 7 6

CALL 3:, SUB

ARG X
ARG Y
ARG Z

Here, SUB has been assigned the

local number 06 during assembly.

At loading time this number will

be changed to the global number
(for example, 23) which is as-

signed to SUB. In this example,

0323 would actually be loaded at

relative address 0201.
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10 Leader/Trailer*

and

Checksum

This code represents normal

leader/trailer. The checksum is

contained in the last two frames

of paper tape preceding the trailer

code.

12 High Common* The data word is the highest loca-

tion in Field 1 assigned to com-

mon storage by the program. This

item will occur exactly once in

every binary tape and it must be

the first word after the leader. If

no common storage has been al-

located in the program, the data

word will be 0177.

17 Transfer* Signifies that reference to an ex-

Vector ternal symbol occurs in the as-

sembled program. The 12-bit data

word is meaningless. The next six

frames contain the ASCII code for

the symbol.

The Linking Loader uses this def-

inition to create a transfer table,

whereby local external symbol

numbers assigned during assembly

of this particular program can be

changed to the global external

symbol number when several pro-

grams are being loaded.

SAMPLE ASSEMBLY LISTINGS
The following examples are offered to illustrate many of the

features and formats of the SABR Assembler.

When a multiple word instruction occurs, the actual instruction

line is typed beside the first instruction.

* Does not appear in assembly listings.
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650 6201 05 L0C2, JMP NAME /OFF PAGE
0651 5774
652 7106 CLL RTLJRTLJRTL

0653 7006
0654 7006

When there is an erroneous instruction, the error flag appears

in the address field. The instruction is not assembled.

0700 7200 N2V CLA
I CLL SKP

0701 740 2 HLT

The page escape and literal and off-page pointer table are typed

with nothing except the correct address, value and loader code.

0770 7006 N3, RTL
0771 7500 SMA
0772 5376
0773 5377
0774 0200 01
0775 0020
0776 7410 /SKP TO 1ST LOC.-

/NEXT PAGE (AC IS
/NOT MINUS)

0777 7410 /SKP TO 2ND LOC-
/IMriAl fHtlfi «.HO 1 o

/MINUS)

Locations 0772, 0773, 0776 and 0777 make up the page escape

since the last instruction is a skip instruction (SMA). Refer to the

section concerning Page Escapes.

The following program has been assembled and listed. It cannot

be run without first debugging and editing it.

During the first pass, SABR outputs the binary tape and prints

error messages as they occur. In this case, none of the errors are

fatal, and assembly continues. The symbol table is printed, and

undefined symbols, external symbols, or any other special types of

symbols which cannot be determined until the end of the pass

are flagged in the symbol table.

The optional second pass of the Assembler produces a listing.

The 4-digit first column contains the octal address, while the
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second column contains the octal code for each line of instructions.

Errors are also printed during the listing pass at the line in which

they occur. Meanings of error codes are described later in the

chapter.

The reader is also referred to Demonstration Program Using

Library Routines.

C AT PUNCH +0003

COUNT 0302
DEC IMA 0000UNDF
LT 0264
MAIN 0000EXT
MESG 0243
ORG 30 3

PTAPE 0201 EXT
PUNCH 0274
REF 0177ABS
RPT 0267
START 0205
TYPE 0000EXT

/PROGRAM TO PUNCH RIM FORMAT PAPER TAPES

6026 OPDEF PLS 6026 /DEFINE HI SPEED
6021 SKPDF PSF 6021 /IOTS
0177 ABSYM REF 177

ENTRY MAIN
0200 0000 DECIMAL

LAP
*

0201 0000 PTAPE.. BLOCK 2 /PUNCH LEADER
0202 0000

/TAPE C200 CODE)
20 3 1377 TAD C-32 /32 LOCATIONS

0204 3302 DCA COUNT
OCTAL-

20 5 1303 START, TAD ORG
0206 7132 CLL CML RTR^RTR;rtr
0207 7012
0210 7012
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021 1 0376
0212 4274
0213 1303
0214 0376
0215 4274
0216 170 3

0217 7112
0220 7012
0221 7012
0222 0375
0223 4274
0224 170 3

0225 0375
0226- 4274
0227 2303

0230 2302
0231 520 5

0232 4033
0233 0102 06
0234 6201 5

0235 0243 01
0236 4264
0237 7404
240 330 3

0241 7402
0242 5774

0243 2401
0244 200 5

0245 4020
0246 2516
0247 ™ 31 ™

0250 504
0251 5640
0252 0516
0253 240 5

0254 2240
0255 1722
0256 1107
0257 1116
0260 4046
0261 400 3

0262 1716
0263 2456

AND CI 77
JMS PUNCH
TAD ORG
AND CI 77
JMS PUNCH
TAD I ORG

/PUNCH LEADING
/DIGITS OF ADDRESS
/PUNCH SECOND
/DIGITS OF ADDRESS
/NOW PUNCH CONTENTS

MESG,

cll rtr;rtr;rtr /of that location

/GET SECOND DIGITS
/OF THAT LOCATION

/POINT TO NEXT
/CORE LOCATION
/DONE YET?
/NO
/YES, TYPE MESSAGE

/ENDING 200 CODE
/GET NEW ADDRESS
/FROM SWITCH REGISTER
/PUT IT IN ORG
/PAUSE
/PUNCH NEW TAPE

TEXT "TAPE PUNCHED. ENTER ORIGIN & CONT.

AND C77
JMS PUNCH
TAD I ORG
AND C77
JMS PUNCH
INC ORG

ISZ COUNT
JMP STARr
CALL 1..TYPE

ARG MESG

JMS LT
OSR
DCA ORG

HLT
JMP MAIN

0264 0000

0265 1373
0266 3302
0267 1372
0270 4274
0271 2302
0272 5267
0273 5664

LTj

RPTj

OCTAL
TAD C-40
DCA COUNT
TAD C200
JMS PUNCH
ISZ COUNT
JMP RPT
JMP I LT

/32 FRAMES OF
/LEADER/TRAILER
/PUNCH IT

/DONE?
/NO
/RETURN
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0274 0000 PUNCH,
0275 6026 PLS /PUNCH -

0276 602*1 PSF /WAIT FOR FLAG
C

... JMP .-1

0277 4045 JMP I PUNCH
'

/EXIT
300 7410
301 5674

0302 0000 COUNT , „

30 3 7300 ORG, 7300
0304 4040 RETRN PTAPE
30 5 000 3 06

0372 0200
0373 7740
0375 0077
0376 0177
0377 7746

END

SABR PROGRAMMING NOTES

Optimizing SABR Code

There are generally two types of programmers who will use the

SABR Assembler—those who like the convenience of a page-

boundary-independent code and need not be concerned with pro-

gram size, and those who need a relocatable assembler, but are

still very location conscious. These optimizing hints are directed

to the latter user.

One way to circumvent the cost of non-paged code is to make

use of the LAP (Leave Automatic Paging) pseudo-op and the

PAGE pseudo-op to force paging where needed. This saves 2 to

4 instructions per page by elimination of the page escape. In addi-

tion, the fact that the. program must be properly segmented may
save a considerable amount.

Extra core-may be reduced by eliminating the CDF instructions

which SABR inserts into a program. This is done by using "fake

indirects". Define the following op codes:
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OPDEF AND I 0400
OPDEF TAD I 1400
OPDEF ISZI 2400
OPDEF DCAI 3400

These codes correspond to the PDP-8 memory reference instruc-

tions but they include an indirect bit. The difference can best be

illustrated by an example:

If X is off-page, the sequence:

LABEL, SZA
DCA X

is assembled by SABR into:

LABEL, SZA
JMS 45
SKP
DCA I (X)

or four instructions and one literal.

The sequence:

px, x

LABEL, SZA
DCAI PX

assembles into three instructions for a saving of 40 percent. Note,

however, that the user must be sure that the data field will be cor-

rect when the code at LABEL is encountered. Also note that

SABR assumes that the Data Field is equal to the Instruction Field

after a JMS instruction, so subroutine returns should not use the

JMP I op code.

The standard method to fetch a scalar integer argument of a

subroutine in SABR is:
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0200 0000
0201 0000
0202 0000
0203. 0000
0204 0000
0205 4067
0206 0203 01
20 7 140 7

0210 3201
0211 2204
0212 4067
0213 0203 01
0214 140 7

0215 3202
0216 2204
0217 4067
0220 0201 01
0221 1407
0222 3200

DUMMY X
IARC
X. BLOCK 2

SUBR, BLOCK 2

TAD I SUBR

DCA X
INC SUBR#
TAD I SUBR

DCA X#
INC SUBR#
TAD I X

DCA IARG

This is the method the FORTRAN compiler uses, and although

it is standard, it is also the slowest. This code requires 19 words

of core and takes several hundred microseconds to execute.

The fastest way to pick up arguments within a SABR coded

external subroutine is as follows (this takes approximately one

fifth of the time of the previous method and four less locations)

:

0200 0000 IARG,
20 1 0000 SUBR, BLOCK 2

202 0000
20 3 120 1 TAD SUBR

0204 3205 DCA XI

20 5 7402 ~X1 , HLT /REPLACED
/BY CDF

020 6 1602 TAD I SUBR#
0207 3214 DCA X2
0210 2202 INC SUBR#
0211 160 2 TAD I. SUBR#
0212 3200 DCA IARG •

21.3 2202 INC SUBR#
0214 7402 X2, HLT /REPLACED

/BY CDF
0215 1600 JADI IARG
0216 3200 DCA IARG
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To pick up multiple arguments, the locations from XI to X2+1
inclusive can be made into a subroutine.

Calling the OS/8 USR and Device Handlers

One important point to remember is that any code which calls

the USR must not reside in locations 10000 to 11777. Therefore,

any SABR routine which calls the USR must be loaded into a field

other than field 1 or above location 2000 in field 1. To call the

USR from SABR use the sequence:

CPAGE N /N=7+C# OF ARGUMENTS)
6212 /CIF 10
JMS 7700 /OR 200 IF USR IN CORE
REQUEST
ARGUMENTS /OPTIONAL DEPENDING ON REQUEST
ERROR RETURN /OPTIONAL DEPENDING ON REQUEST

To call a device handler from SABR use the sequence:

HAND,

CPAGE 12 • /10 IF "HAND" IN PAGE
6202 /CIF
JMS I HAND /DO NOT USE JMS I

FUNCT
ADDR
BLOCK
ERROR RETURN
SKP

/"HAND" MUST BE ON SAME PAGE
/AS CALL, OR IN PAGE

SABR ERRORS
In case of error, SABR prints the following codes in the address

field of the instruction line:

4-60



Tabk 4-3 SABR Error Codes

Error Code Meaning

C

D

L

M

E

S

U

UNDF

Too many or too few ARG statements follow

a call statement.

An illegal character appears on the line.

A device handler has returned a fatal condition.

/L or /G option was indicated, but the

LOADER.SV file does not exist on the system

device.

A symbol is multiply defined. Listing of pro-

grams with multiple definitions have unmarked

errors.

An illegal syntax has been used, (as one of the

following)

:

1. a pseudo-op with improper arguments,

2. a quote mark with no argument,

3. a non-terminated text string,

4. an improper address,

5. an illegal combination of micro-instruc-

tions.

There is no END statement.

Either the symbol table has overflowed, com-

mon storage has been exhausted, more than 64

different user-defined symbols occurred in a

core page, or more than 64 external symbols

have been declared. Could also indicate a sys-

tem error such as overflowed output file.

No symbol table is being produced, but there

is at least one undefined symbol in the pro-

gram.

Undefined symbol, printed in the symbol table

' listing.
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LINKING LOADER
The Linking Loader is the system program used to load and

link a user's program and subprograms in any field (s) of memory.
It can be called automatically to load or load and start a FOR-
TRAN or SABR program, or independently to load or load and
start a relocatable binary file stored on a device. It is capable of

loading programs over itself, and has options which allow the user

to obtain storage map listings of core availability.

The Linking Loader has the capability of searching program
libraries for subroutines which are referenced by the program in

core and to load those subroutines needed. (A library is a collec-

tion of relocatable-subroutines—FORTRAN or SABR output

—

with a directory at the beginning to facilitate searching.) Any
library can be searched by using the /L option to the Loader, but

the system library, LIB8.RL, is searched automatically just before

the Loader completes the building of a core image of the user's

program. If LIB8.RL is not on the system device, there is no,auto-

matic library search. (The system program LIBSET is available

to allow the user to build his own subroutine library.)

The Linking Loader is capable of loading any number of user

and library programs into any field of memory. Several programs
are usually loaded into each field. Because of the space reserved

for the Linkage Routines, the available space in field is three

pages smaller than in all other fields.

Any common storage reserved by the programs being loaded is

allocated in field 1 from location 200 upwards. The space reserved

for common storage is subtracted from the available loading area

in field 1. The program reserving the largest amount of common
storage must be loaded first.

The Run-Time Linkage Routines necessary to execute SABR
programs are automatically loaded into the required areas of every

field by the Linking Loader as part of its initialization. The user

needs to know nothing more about these routines than the par-

ticular areas of core they occupy.

Calling and Using the Linking Loader
The user can automatically call the Linking Loader following

assembly of either a SABR program or a SABR-assembled FOR-
TRAN program by use of the /L or /G options. For details on
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automatic calling of the Linking Loader, see the FORTRAN sec-

tion of this chapter.
A

When the user wishes to call the Linking Loader specifically to

load or load and start a relocatable binary file, he issues the

command:

R LOADER

in response to the dot printed by the Keyboard Monitor. The Com-

mand Decoder replies by printing an asterisk at the left margin;

the user then indicates input and output files and any desired op-

tions. to 1 output files and 1 to 9 input files are possible. Only

one binary program per file is permitted. The assumed extension

for input files is .RL. The output file, if indicated, is used to hold

a map of the loaded program.

The user has the ability to either specify all options and oper-

ations to be performed on one line or to have various operations

performed individually. Where all options are being specified at

one time the line to the Command Decoder contains the complete

instructions for the Linking Loader. If operations are to be done

individually, the user can type a command, enter it with the RE-

TURN key, and that command will be executed, with another

command expected when the first is completed. To indicate the

last command, the user types an ALT MODE character, or ends

the last command with a /G option to start the program.

LINKING LOADER OPTIONS
The options to the Linking Loader are as shown in Table 4-4.

Table 4-4 Linking Loader Options

Option Meaning

/I A program doing device-independent input is to be loaded.

(This feature costs the user 3 pages of core.)

/O A program doing device-independent output is to be loaded.

(This feature costs the user 3 pages of core.)
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Table 4-4 Linking Loader Options (Cont.)

Option Meaning

If both /I and /O are indicated, 6 pages of core are used
to handle device-independent I/O.

/I and JO, if used, must be given before or on the first

input line specifying files to be loaded. For example:

INPUT, FILES/ 'OS

is acceptable, but

INPUT
/0 FILES

i

is not legal and will generate an error message.

/H A program doing device-independent I/O requires two-
page device handlers at run-time. (This feature costs the
user one additional page if he is doing just input or output,
«UL ..,, « uuuiuvilul puj^l li ji>_ 13 UVJlHg llljJUl <aiiu UUtpUL.

If /I, /O, and /H are indicated, 8 pages of core are used
to handle device-independent I/O. /H, if used, must be in-

dicated on or before the first line containing /I or /O, and
is meaningless without /I or /O also being specified.

/G Start the program after processing the rest of the command
string. Execution starts at the symbol MAIN unless other-
wise indicated.

=n Specifies the starting address of the program if other than
the entry point MAIN; n is an octal number up to 5 digits

long.

/M Output a map of the loaded programs onto the output file

specified, followed by a count of the free pages in each
field. If no output is specified, the map is put onto the tele-

printer. The assumed extension for map output file is .MP.
The map is printed after the rest of the command line is

processed.

4-64



Table 4-4 Linking Loader Options (Cont)

Option Meaning

/U Similar to /M, but only outputs undefined symbols.

/P Similar to /M, but only outputs counts of free pages in

each field;

/n Search through the available fields starting at field n for

space large enough to hold each input file; n is an integer

in the range to 7, inclusive. Only one binary program

can be in each input file. If n is not specified, the Loader

starts looking at field 0.

/R Restart loading process (forget all previously loaded pro-

grams). This command is equivalent to restarting the Link-

ing Loader, but is much faster for DECtape systems since

no tape motion is involved.

/L Load the first input file as a library file (Loader expects a

Library Directory as the first block of the file). All other

input files on the line are ignored.

The Core Availability option (/P) causes the number of free

pages of memory in every field of memory to be printed in a list

on the teleprinter. For example, if the user has a 16K configura-

tion, a list like the following might be printed

:

0002 (number of free pages in field 0)

0010 (number of free pages in field 1)

0030 (number of free pages in field 2)

0036 (number of free pages in field 3)

The number of pages initially available in field is 0033 and in

all other fields is 0036.

The Storage Map option (/M), when selected, causes a list of

all program entry points to be printed along with the actual ad-

dress at which they have been loaded. Entry points of programs

which have been called but which have not been loaded are also
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listed along with U flag for "undefined". Such flagged programs

must be loaded before execution of the user's programs are pos-

sible. The core availability list is automatically appended to the

storage map. A sample is shown below for an 8K machine:

MAIN 10200
READ 01050
WRITE 01066
IOH 03031
ERROR 00000 U
GEN 10 00000 U
FDV 04722
CLEAR 05247
I FAD 05131
FMP 04632
ISTO 05074
STO 04447
FLOT 05210
FAD 04010
DIV 00000 U
I REM 00000 U
FSB 04000
FLOAT 05046
FIX 04513
IFIX 04561
CHS 05231
0011
mem

EXAMPLES OF I/O COMMAND STRINGS
The following are examples of possible input command strings:

*PR0G>DTA2:SUB1* SUB2/G

This string loads DSK:PROG.RL, DTA2:SUB1 .RL,

DTA2:SUB2. RL, loads any necessary library routines requested,

and starts the program at the entry point MAIN. The same process

could have been done as follows

:
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Load DSK.PROG.RL

;

Get a list of undefined symbols on the teleprinter;

*PROG

*/U

(Symbols go here)

•

*DTA2 : SUBR1 , SUBR2

Load DTA2:SUBR1.RL,SUB2.RL ;

*LPT:/M<$

Put loading map on the line printer, load the binary of any

library routines requested by the program, and exit ($ is

printed by the ALT MODE key);

.SAVE DTA2 FORTPG -

Save the. core image on DTA2 as FORTPG.SV;

Start the core image at its starting address (entry point MAIN
in this case).

. START

Linking Loader Error Messages

The Linking Loader outputs error messages in the form

ERROR nnnn

where nnnn represents a 4-digit error code. Table 4-5 lists the

meanings of these error codes.
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Table 4-5 Linking Loader Error Messages

Error Code Meaning

0000 / 1 or / specified too late.

0001 Symbol table overflow; more than 64 subprogram
names.

0002 Program will not fit into core.

0003 Program with largest common storage area was not
loaded first.

0004 Checksum error in input tape.

0005 Illegal relocation code.

0006 An output error has occurred.

0007 An input error has occurred (either a physical device
error, or an attempt was made to read from a write-

only device such as LPT: )

.

0010 No starting address has been specified and there is

no entry point named MAIN.

001

1

An error occurred while the Loader attempted to load

a device handler.

001

2

I/O error on system device.

LIBRARY SETUP (LIBSET)

LIBSET, the FORTRAN Library Setup program, creates a

library of subroutines from the relocatable binary output of SABR.
These library files can be quickly and effectively scanned by the

Linking Loader, thus saving a great deal of the time involved in

loading frequently used subroutines. (Refer to the section con-

cerning the Linking Loader for information pertaining to relo-

catable library files, automatic loading of the LIB8.RL file, and

the /L option.)

Calling and Using LIBSET
To call LIBSET from the system device, the user types

R LIBSET

4-68



in response to the dot printed by the Keyboard Monitor. The Com-
mand Decoder then prints an asterisk at the left margin of the
teleprinter paper and waits to receive a line of input. The general
form of input required to build a library file is

:

*DEV:OUTPUT FILE <DEV:INPUT FILE(S)
* (additional input files) $

No more than nine input files are allowed on any one line, but
several input lines can be entered. The last input line must' end
with the user typing the ALT MODE key (which echoes as $).
Only the first line can contain an output file. If no output file is

specified, a file named LIB8.RL is created on the system device.
The assumed extension for both input and output files is .RL.

NOTE
Files output from LIBSET are in a special

relocatable library format and must not be
copied with the /B option in PIP. Instead,

they should be copied by PIP in image (/I)

mode.

LIBSET OPTIONS
Only one option is allowed in the use of LIBSET, and this is

described below:

Option Meaning

/S The /S option means that all input files on a line are
to be regarded as containing more than one relocatable

binary file. (This is analogous to the /S option in

ABSLDR.

NOTE
If /S is used on a line that contains no input

files, input from PTR: is assumed.

EXAMPLES OF LIBSET USAGE
Example 1:

*DTA2:SUBS<DTA1:SUB1,SUB2, SUB3,PTR:
i*SYS:FUNCl*FUNC'2.V5S
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This example creates a relocatable library file on DTA2 named

SUBS.RL. This library will contain six FORTRAN (or SABR)

subroutines built by combining the relocatable binary file SUB1.RL,

SUB2.RL, and SUB3.RL from DTA1 together with one relocata-

ble binary paper tape (note the t printed by OS/8 before loading

from PTR:) and the files FUNC1.RL and FUNC2.V5 from the

system device.

Example 2:

iASIN^ACOS
*/S$t

Since no output file was specified, this example creates a relocat-

able library file LIB8.RL on the system device. This produces a

new FORTRAN library including the subroutines contained .in

the files ASIN and ACOS on device DSK, and several subroutines

combined on a single paper tape loaded from the high-speed reader.

Subroutine Names

It is important to distinguish between the OS/8 file name of a

relocatable binary program and its assigned Entry Point name.

mi. ci- v~„ ~,oo«;«<r r»«iv tn thp Command Decoder; theme mc utuuc uao ux<~u.xxxixb ^.^j -~ — —
Entry Point name (or names) are the true subroutine names that

are meaningful to the Loader.

Further details on the format of relocatable binary files and re-

locatable library files can be found in the OS/8 Software Support

Manual (DEC-S8-OSSMA-A-D).

Sequence for Loading Subroutines

LIBSET can combine files in any sequence to form a relocat-

able library file. However, the subroutines in any single library are

loaded by the Loader in the order in which they were originally

specified to LIBSET. Therefore, it is important to make sure that

subroutines are specified in order of size, with the largest sub-

routine being loaded first. If this is not done, cases can occur m

which insufficient core is available in any single field to load a

subroutine, whereas space would have been available if the sub-

routine had been loaded earlier.
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LIBSET Error Messages

All errors are fatal. LIBSET recalls the Keyboard Monitor upon

encountering any of the following error conditions, and must be

recalled in order to enter another command string.

Table 4-6 LIBSET Error Messages

Error Message Meaning

BAD FORMAT OR
CHECKSUM-
TRY AGAIN

ERROR WHILE WRITING
OUTPUT FILE

INPUT ERROR

LIBRARY DIRECTORY
OVERFLOW

Error in reading relocatable binary file.

Fatal output error occurred.

Parity error on input.

Too many subroutines were specified.

Every subroutine name in the input file

requires four words, and every relocat-

able binary file read requires two words.

If the total number of words exceeds

250, the library must be split into two

separate files.

LIBRARY PROGRAMS
During execution, the Library programs check for certain errors

and type out the appropriate error messages in the form:

XXXX ERROR AT LOC NNNN
where XXXX specifies the type of error, and NNNN is the loca-

tion of the error. When an error is encountered, execution stops,

and the error must be corrected.

When multiple error messages are typed, the location of the

last error message is relevant to the user program. The other error

messages are relevant to subprograms called by the statement at

the relevant location.

4-71



Table 4-7 Library Error Messages

Error Message Explanation

ALOG Attempt to compute log of negative number
ATAN Result exceeds capacity of computer

DIVZ Attempt to divide by

EXP Result exceeds capacity of computer

FTPW Error in raising a number to a power
FMT1 Multiple decimal points

FMT2 E or . in integer

FMT3 Illegal character in I, E, or F field

FMT4 Multiple minus signs

FMT5 Invalid FORMAT statement

FLPW Negative number raised to floating power

FPNT Floating-point error; may be caused by

division by zero; floating-point overflow; at-

tempt to fix too large a number.

SQRT Attempt to take root of a negative number

OS/8 includes, in addition, the error message:

USER ERRCR 1 AT 00537

which means that the user tried to reference an entry point of a

program which was not loaded.

To pinpoint the location of a Library execution error:

1. From the Storage Map, determine the next lowest numbered
location (external symbol) which is the entry point of the

program or subprogram containing the error.

2. Subtract in octal the entry point location of the program or

subroutine containing the error from the LOC of the error

in the error message.

3. From the assembly symbol table, determine the relative ad-

dress of the external symbol found in step 1 and add that

relative address to the result of step 2.

4. The sum of step 3 is the relative address of the error, which

can then be compared with the relative addresses of the

numbered statements in the program.
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DEMONSTRATIONPROGRAM USING LIBRARY ROUTINES
The following demonstration program is a SABR program show-

ing the use of the library routines. The program was written to add

two integer numbers, convert the result into floating-point, and

type the result in both integer and floating-point format. The source

program was written using the Symbolic Editor, assembled with

SABR, and loaded with the Linking Loader, under the OS/

8

Operating System.

A 0257
B 0260
C 0261
D 0262
FLOAT 0000EXT
FORMT 0240
IOH 0000EXT
N 0256
OPEN 0000EXT
START 0200EXT
STO 0000EXT
WRITE 0000EXT

0200
201

0202
0203
0204
0205
20 6

020 7,

0.210

0211
0212
0213
0214
0215
0216

0217
0220

0221
0222

0223
0224

4033
0002

1257
1260
3261
4033
0103

6201
0261
4033
0104,
6201
0262
4033
.020 5

06

06

5

01

06
05
01

06

6201 5

0256 01

6201
240

40 33
010.6

05
01

06

ENTRY START

START, CALL 0,OPEN

TAD A
TAD B
DCA C

CALL I, FLOAT

ARG C

CALL IjSTO

ARG D

CALL 2,WRITE

ARG N

ARG FORMT

CALL 1,1 OH

/INITIALIZE

/I/O DEVICES
/COMPUTE C=A+B

/CONVERT TO

/FLOATING POINT

/INITIALIZE

/I/O HANDLER
/DEVICE NUMBER

/1=TELETYPE
/FORMAT SPECI-

FICATION
/TYPE INTEGER

/NUM3ER
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0225 6201 05 ARG C
0226 0261 01
0227 40 33 CALL 1 , I OH /TYPE FLOATING
0230 0106 06

/POINT NUMBER
0231 6201 05 ARG D
0232 0262 01
0233 40 33 CALL 1 , I OH

.

/COMPLETE THE I/O
0234 0106 06
0235 6211 ARG
0236 0000
0237 7402 HLT

0240 5047 FORMT, TEXT "('THE ANSWERS ARE' , 15, F7. 2)"
241 2410

0242 540
0243 0116
0244 2327
0245 522
0246 2340
0247 0122
0250 547
0251 5411
0252 6554
0253 0667
0254 5662
0255 5100
0256 0001 N, 1

0257 0002 A, 2
0260 0002 B, 2
0261 0000 C,
0262 0000 D, BLOCK 3
0263 0000
0264 0000

The binary tape produced by the assembly was then run using

OS/8 with the following results:

THE ANSWERS ARE 4.00
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Plap/ralP

INTRODUCTION
FLAP and RALF are assemblers that translate PDP-8 or

PDP-12 processor and floating point processor (FPP) operation

codes in a source program into binary codes in two or three passes.

The first pass assigns numeric values to the symbols and places

them in the symbol table, the second pass generates the binary

coding, and the third pass generates the program listing. FLAP/
RALF is used to assemble programs using the FPP instructions

and capabilities. Numeric values can be calculated as 12-bit in-

tegers, 15-bit integers, 24-bit double precision fractions, 3-word

floating point values, or 6-word extended precision floating point

values. Refer to the FPP User's Guide, DEC-12-GQZA-D, for de-

tailed information on the floating point processor and its instruc-

tion set.

FLAP is designed to run on an OS/8 System with a Floating

Point Processor (FPP) without any other supporting programs. It

generates absolute binary output which is legal input to the OS/

8

Absolute Loader (ABSLDR). RALF, an extension of FLAP, is

part of the OS/8 FORTRAN IV System. It accepts assembly lan-

guage files, or FORTRAN compiler output and generates relocat-

able binary modules that can be loaded by the relocatable loader

LOAD (also part of the OS/8 FORTRAN IV System).

The following sections describe the syntax, instruction formats,

addressing modes, and pseudo-operators in the assemblers. The

special features of RALF involving relocatable assembly are de-

scribed in the section entitled "RALF Features."

HARDWARE REQUIREMENTS
The minimum hardware configuration for FLAP is a PDP-8 or

PDP-12 with a Floating Point Processor (FPP). The minimum

hardware configuration for RALF is a PDP-8 or PDP-12 OS/8
System.
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STATEMENT SYNTAX
A source program is a sequence of coding statements in the gen-

eral format:

tag,instruction (space)expression (space)/ comment

A physical line of coding may be up to 127 characters long and is

terminated by a carriage return. A semicolon can be used in a line

of code (except in the comment field) to terminate a logical state-

ment, thus permitting several statements to be typed on a single

line. However, a set of logical statements separated by semicolons

must not exceed the 127 character limit.

A space is required in a statement:

• after an instruction mnemonic
• before a slash (/) used to indicate a comment
• as an OR operator

Multiple spaces or tabs are equivalent to a single space. These

characters are optional after the comma defining a tag, after the

= sign that sets a value, and before a statement.

Tags

A statement tag is indicated by preceding the statement to be

labeled with a user-defined symbol followed by a comma. This

format assigns the current value of the location counter to the tag.

Instructions

An instruction may be a PDP-8 operation code, an FPP12 op-

eration code, a FLAP pseudo-operator, or a RALF pseudo-

operator.

Expressions

An expression can contain:

1. A user-defined symbol (equated symbol or tag).

2. The symbol ".", which has a value equal to the current loca-

tion counter.

3. A numeric constant.

4. Two or more of the above combined by operators.

FPP and PDP-8 instructions are illegal symbols in expressions.

User symbols can be 1 to 6 alphanumeric characters in length and
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must start with a # or an alphabetic character. Any additional

characters are ignored. Thus, the symbols:

#100
A
A1234 -

are acceptable, but in the symbol:

ASYMBOLMAYBEMORETHAN6CHARACTERS

only the first six characters are stored as the symbol name. In this

case, all characters after ASYMBO are ignored. Up to 500 symbols

may be defined by the user in an assembly.

All integer expressions are computed in 15-bit 2's complement

arithmetic and then truncated if necessary (15 bits for 2-word FPP
memory reference instructions and 12 bits for expressions). The
following are examples of legal integer (address) expressions:

START+1
123

BUFSIZ*2+7600+300-
(ADDRES+2

The radix pseudo-ops OCTAL and DECIMAL control the inter-

pretation of numbers used in expressions. Decimal numbers larger

than 32,767 and octal numbers larger than 77777 will be incor-

rectly converted, and cause the NE error. (Error messages are

listed at the end of the chapter.)

Comments

A comment is a note added by the programmer at the end of a

line of code, usually to indicate the logical sequence of the pro-

gram. A slash (/), preceded by one or more spaces or tabs,is typed

to specify the start of a comment. Comments must not contain

angle brackets ( or ).

ARITHMETIC AND LOGICAL OPERATIONS
The operators used by FLAP/RALF and their functions in

combining numbers or symbols to form expressions are:
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Operator Function

+ 2's complement addition

— 2's complement subtraction
* multiplication

/ division

space or tab inclusive OR used to separate

two instructions

» inclusive OR
"

precedes an ASCII constant; e.g.,

"A has the octal value 301

Expressions are evaluated from left to right. They may not contain

floating point constants.

PDP-8 OPERATION CODES
PDP-8 operation codes are legal defined mnemonics for use with

FLAP/RALF. The following table lists the mnemonic, octal value,

and operation of each PDP-8 operation code. PDP-8 code must be

executed by the PDP-8 or PDP-12 processor. Assembler state-

ments using these codes are said to be coded (or executed) in

PDP-8 mode.

Table 5-1 PDP-8 Operation Codes

Mnemonic Octal Operation

Memory Reference Instructions:

AND 0000 logical AND
TAD 1000 2's complement add
ISZ 2000 increment and skip if zero

DCA 3000 deposit and clear AC
JMS 4000 jump to subroutine

JMP 5000 jump

Group 1 Operate Microinstructions:

NOP 7000 no operation

CLA 7200 clear AC
CLL 7100 clear link

CMA 7040 complement AC
CML 7020 complement link

RAR 7010 rotate AC and link right one

RAL 7004 rotate AC and link left one

RTR 7012 rotate AC and link right two
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Table 5-1 PDP-8 Operation Codes (Cont)

Mnemonic Octal Operation

RTL 7006 rotate AC and link left two

IAC 7001 increment AC

Group 2 Operate Microinstructions:

SMA 7500 skip on minus AC
SZA 7440 skip on zero AC
SPA 7510 skip on positive AC
SNA 7450 skip on non-zero AC
SNL 7420 skip on non-zero link

SZL 7430 skip on zero link

SKP 7410 skip

OSR 7404 inclusive OR switch register with AC
HLT 7402 halt

Combined Microinstructions:

CIA 7401 CMAIAC
LAS 7604 CLAOSR

IOT Microinstructions:

Keyboard/Reader
KSF 6031 ' skip if keyboard/reader flag = 1

KCC 6032 clear AC and keyboard/ reader flag

KRS 6034 read keyboard/reader buffer

KRB 6036 clear AC and read keyboard buffer and clear

keyboard flag

Teleprinter/Punch

TSF 6041 skip if teleprinter/punch flag =1
TCF 6042 clear teleprinter/punch flag

TPC 6044 load teleprinter/punch buffer, select and
print

TLS 6046 load teleprinter/punch buffer, select and
print, and clear teleprinter/punch flag

Program Interrupt

ION 6001 turn interrupt on
IOF 6002 turn interrupt off

Extended Memory (Type MC8/I)
CDF 62nl change to data field n
CIF 62n2 change to instruction n
RDF 6214 read data field into AC
RIF 6224 read instruction field into AC
RMF 6244 restore memory field

RIB 6234 read interrupt
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PDP-8 MODE ADDRESSING
In PDP-8 Mode, addressing is specified by the contents of the

Memory Reference Instruction modified by the Data Field and In-

struction Field Registers. Direct addressing, specified by bit 3=0,

causes reference to the address given in bits 5-11 in page of the

current field, if bit 4=0, or to the current page, if bit 4=1. Indirect

addressing, specified by bit 3=1, causes reference to the indirect

address contained in the location specified by bits 4-11, used as

above. The indirect address for AND,TAD,ISZ, and DCA refers

not to the current field, but to the field specified in the Data Field

Register! The JMP and JMS instructions refer to locations in the

field specified in the Instruction Field Register.

The Data Field Register and Instruction Field Register are

originally set through the console switches, and can be set under

program control by means of the CIF and CDF instructions. The

CIF instruction causes the Instruction Field Buffer to be set to the

specified field. The CDF instruction causes the Data Field Register

to be changed immediately. Other instructions allow the program

to read, save, and restore the Data Field and Instruction Field

Registers. Completion of execution of a JMP or JMS instruction

causes the Instruction Field Register to be set to the contents of the

Instruct 5on Field Buffer. This procedure permits a program to

choose a new field, then execute a jump from the current field to

a chosen address in the new field.

The character % appended to the end of a memory reference

instruction indicates indirect addressing and the character Z indi-

cates a page reference:

CURRENT PAGE PAGE ZERO
DIRECT INDIRECT DIRECT INDIRECT

TAD A TAD% A TADZ A TADZ% A
DCA B DCA% B DCAZ B DCAZ% B

Spaces are not allowed between Memory Reference Instructions

and either the Z or % characters. The Z must precede the % when

both are used, i.e., do not write "DCA%Z".

FPP OPERATION CODES
The Floating Point Processor recognizes the following operation

code formats. There are three forms of Data Reference Instructions
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analogous to the Memory Reference Instructions, and three Special

Format instruction forms analogous to the Operate Micro-Instruc-

tions.

Data Reference Instructions

Data Reference Instructions cause transfer between memory and

the floating point accumulator, a 36-bit register in the FPP. The

transfer may be 36 bits of floating point data or 24 bits of double

precision fixed point fraction data, depending upon where STARTF
or STARTD was most recently executed. In fixed point mode, the

last 24 bits of the FAC or memory are used, and the exponent is

unchanged. All eight of the Data Reference* Instructions can be

used in any of the three forms.

Throughout the description of the instructions that follow, these

conventional symbols are used:

C(

)

contents of enclosed quantity

FAC floating accumulator

M a variable multiplier

=2 in Double Precision Mode
=3 in Floating Point Mode

X an indexing variable

X=0, do not index

1 CX^7, use specified index register

XO origin of index registers

Y address computed

+ an increment bit

=0, no incrementing

=1, increment before using index

S(X)
' symbol to avoid indexing

X=0 8(X)=0

X#0 8(X)=1

Op Code Mnemonic Data Function

FLDA C(Y)-»FAC

1 FADD C(Y) + C(FACHFAC
2 FSUB C(FAC) - C(Y)->C FAC
3 FDIV C(FAC)/C(Y)-*FAC

4 FMUL C(FAC * C(Y)^FAC
*
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OpCode

5

6

7

Mnemonic

FADDM
FSTA
FMULM

Data Function

C(Y) + C(FAC)-*Y
C(FAC)-»Y

C(FAC) * C(Y)^Y

DATA REFERENCE INSTRUCTION FORMATS

2 3 4 5 6 8 9 11

OPCODE
1 1

1 + X ADDRESS

12 23

ADDRESS
1 1 1 —i 1-...- i i i i i i

DOUBLE-WORD DATA REFERENCE INSTRUCTIONS

Y = C(bits 9-23) + M * (C(X + XO) + C(bit 5)) * 8(X)

2 3 4 5 11

OP CODE
1 1

1

i

OFFSETii i ' i

blNGLt-WOKD DIRECT REFERENCE

Y — C(base register) + 3 * (offset)

2 3 4 5 6 8 9 11

OP CODE 1 1 + X OFFSET

SINGLE-WORD INDIRECT REFERENCE

Y = C(bits 21-36 of C((base register) + 3 * offset))

+ (M) * (C(X + XO) + C(bit 5)) * S(X)

8(X) = 1 if XV and if X =
M = 2 if fixed-point mode
= 3 if floating-point mode
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SPECIAL FORMAT 1 - Jump on count + trap

Op Code Mnemonic Function

2 JXN The index register X is incre-

mented if bit 5=1 and a jump is

executed to the address contained

in bits 9-23, if index register X is

nonzero.

3

4

5

6

7

The instruction-trap status bit is

set and the FPP12 exits causing

a PDP interrupt. The unindexed

operand address is dumped into

the APT.

The two trap instructions with op codes 3 and 4 are assigned a

special meaning by RALF, and the mnemonics TRAP3 and

TRAP4 respectively. TRAP3 acts as a JMP to PDP-8 Mode;

TRAP4 acts as a JMS to PDP-8 Mode. See the FORTRAN IV
SOFTWARE SUPPORT MANUAL for details.

2 3 4 5 6 8 9 11

OP CODE + X ADDRESS

12 23

ADDRESS
I 1 1 1 1 II 1 1 1 1

SPECIAL FORMAT 1

SPECIAL FORMAT 2 - Load index and add index

Op Code Extension Mnemonic

10 LDX

11 ADDX

Function

The contents of the index

register specified by the bits

9-11 are replaced by the con-

tents of bits 12-23.

The contents of bits 12-23

are added to the index reg-

ister specified by bits 9-11.
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SPECIAL FORMAT 2 - Conditional jumps

Jumps, if performed, are to the location specified by bits 9-23

of the instruction.

Op Code Extension Mnemonic

JEQ
1 JGE
2 JLE
3 JA

x 4 JNE
5 JLT
6 JGT
7 JAL

Function

Jump if FAC =
Jump if FAC ^
Jump if FAC <
Jump always

Jump if FAC ^
Jump if FAC <
Jump if FAC >
Jump if impossible to fix the

floating point number con-

tained in the FAC; i.e., if the

exponent is greater than

(23)10 .

SPECIAL FORMAT 2 - Pointer moves

Op Code Extension Mnemonic

10

11

13

SETX

SETB

JSR

Function

Set XO to the address con-

tained in bits 9-23 of the in-

struction.

Set the base register to the

address contained in bits

9-23.

Jump and save return. Jump
to the location specified in

bits 9-23 and the return is

saved in bits 21-35 of the

first entry of the base page.

12 JSA An unconditional jump is de-

posited in the address and

address+1, where address is

specified by bits 9-23. The

FPC is set to address+2.
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2 3 4 5 8 9 11

OP CODE
i i

EXTENSION
i i i

F

1 1

12 23

Y
i i i i i i i i i i i

SPECIAL FORMAT 2

SPECIAL FORMAT 3— NORMAL SIZE

Op Code Extension Mnemonic

1

Function

ALN The mantissa of the FAC is

shifted until the FAC expo-

nent equals the contents of

the index register specified by

bits 9-11. If bits 9-11 are

zero, the FAC is aligned so

that the exponent = (23)10 .

Setting the exponent = (23) ]0

integerizes or fixes the float-

ing-point number. The JAL
instruction tests to see if fix-

ing is possible. In double-

precision mode, an arithmetic

shift is performed on the FAC
fraction. The number of shifts

is equal to the absolute value

of the contents of the speci-

fied index register. The direc-

tion of shift depends on the

sign of the index register con-

tents. A positive sign indi-

cates a shift toward the least

significant bit, while a nega-

tive sign indicates a shift to-

ward the most significant bit.

The FAC exponent is not al-

tered by the ALN instruction

in double-precision mode.

ATX The contents of the FAC are

fixed and the least significant

12 bits of the mantissa are
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Op Code Extension Mnemonic Function

1

5-7

12-17

14-17
f

loaded into the index register

specified by bits 9-11. In

double-precision mode the

least significant 12 bits of the

FAC are loaded into the spec-

ified index register. The FAC
itself is not altered by the

FATX instruction.

XTA The contents of the index

register specified by bits 9-11

are loaded right-justified into

the FAC mantissa. The FAC
exponent is loaded with (23) ]0

and then the FAC is normal-

ized. This operation is typi-

cally termed floating a 1 2-bit

number. In double-precision

mode, the FAC is not nor-

malized.

NOP The single-word instruction

performs no operation.

These codes are reserved for

reserved instruction set expansion and

should not be used.

SPECIAL FORMAT 3 - OPERATE

Op Code Extension 9-11 Bits Mnemonic

FEXIT

FPAUSE

Function

Dump active registers

into the APT, reset

the FPP RUN flip-flop

to the state, and in-

terrupt the PDP-8 pro-

cessor.

Wait for synchroniz-

ing signal. IOT FFST
(6555) will restart the

instruction following

FPAUSE.
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Op Code Extension Mnemonic Function

FCLA

FNEG

FNORM

Zero the FAC man-?

tissa and exponent.

Complement FAC
mantissa. This instruc-

tion produces the true

negative, not the bit-

by-bit complement.

Normalize the FAC.
In double-precision

mode FNORM is a

NOP.

STARTF Start

mode.

floating-point

6 STARTD Start double-precision

mode;

JAC Jump to the location

specified by the least

significant 15 bits of

the FAC mantissa.

2 3 4 5 8 9 11

OP CODE EXTENSION
i i i

F

SPECIAL FORMAT 3

FPP MODE ADDRESSING
The FLAP/RALF assembler is able to interact with and effec-

tively use the rather complex addressing scheme of the FPP. This

addressing scheme allows the FPP to access a full 32k words of

core through 15-bit addresses. It also allows the FPP to access a

movable base page through 7-bit addresses. The FPP can also use

2 or 3 bits to specify an index register from a movable set that can

modify the address. The FORTRAN compiler makes extensive use

of this addressing freedom, particularly in the subroutine calls.

The base page is a block of 128 floating point variables, or 384

12-bit words. The Special Format 2 instruction SETB gives the

FPP the origin of the base page. The pseudo-op BASE is used to
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pass the base page origin to the FLAP/RALF assembler. The
origin of the base page may be changed as often as necessary. The
first 8 locations of the base page serve as a pointer to memory.

The index registers are a block of seven 12-bit words in memory.

The Special Format 2 instruction SETX gives the FPP the origin

of the index registers. The locations used for the index registers

may be changed as often as necessary.

The three forms of Data Reference Instructions compute the

address of the data referenced in three different wavs. The line of

print below the diagram of each instruction shows symbolically how
each address is computed. The address computation for the first form

begins with the 15-bit address in bits 9-23 of the instruction. If X
(bits 6-8) is zero, this is the address used. If X is nonzero, the con-

tents of the specified memory location, X+XO (where XO is the

beginning of the index registers, set by SETX), is used as an index.

If bit 5 of the instruction is equal to one, the index value is incre-

mented by one*The index value remains incremented after the in-

struction is completed. The resulting index value is multiplied by

either two or three, depending upon whether the FPP is in Double

Precision Fixed Point Mode (STARTD) or Floating Point Mode
(STARTF). This index is then added to the' original address (bits

9-23 to form the address used.

The second data reference form is used to address the locations

on the base nape. The contents of bits 5-1 1 of the instruction are

multiplied by three and added to the origin of the base page, set

by the SETB instruction.

Note that the offset on the base page always assumes Floating

Point (3-word) variables. It is wise to prevent use of the base page

for storage of double precision fixed point variables or instructions.

The third form of data reference instruction provides an indirect

or indexed indirect mode of address. The offset, bits 9-1 1 of the

instruction, are multiplied by three and added to the origin of the

base page, to give the address of a 3-word variable. The last 15

bits of this word are used for the address of the data. This address

may be modified by the index register exactly the same as in the

first form.

The FLAP/RALF Assembler will choose the form of the data

reference instruction that is generated. The second form (one word

direct) is used instead of the first form (two word direct) whenever

5-14



the data lies on the base page; no indexing is involved. The indirect

form is used whenever indirect addressing is called for by a % in

the assembler source statement.

LITERALS
Only FLAP allows literals in PDP-8 code. By starting an ex-

pression in a PDP-8 memory reference instruction with a left pa-

renthesis or square bracket (as explained below), the value after it

is taken "literally" by FLAP. There is then no need to specify an

address or tag that contains the value. Internally the value of the

literal expression is the address of the word generated by FLAP
that contains the evaluated expression.

If the expression starts with a left parenthesis, (, then the literal

is placed at the end of the current page. If it starts with a left

bracket, [, the literal is placed at the end of page 0. Literal tables

are built backwards from the end of the page so that the most re-

cently defined literal has the lowest core address.

If the origin is changed to a new page, the previous page's literals

are output and the literal table is reset. If the origin is reset to a

previous page which contained literals, those literals may be over-

layed by any new literals. The previously-defined literals will not

be available for reference. For this reason, it is best to complete all

coding on any non-zero page before moving to another:

If the field is changed, the literals on page of the previous field

are output and the page literal table is reset. For this reason, it

is best to complete all coding in any one field before moving to

another.

Because locations 0-17 are generally used for interrupts and

autoindex registers, there may be only 11

2

W (1608) literals on

page 0.

The following examples illustrate the use of literal expressions with

memory reference instructions:

TAD (POINTER generates a literal with the lower 12 bits of

the address of POINTER at the end of the

current page.

TAD [10 generates a literal containing 0010 at the end

Of page 0.

The left bracket, [, is typed as a SHIFT/K on an ASR-33.
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Literals may not be nested. For example, the expression:

TAD (TAD [10

LINKS
Links are only generated by the FLAP assembler. If a PDP-8

memory reference is made to an address that is not on the same

page as the instruction, FLAP creates an indirect address linkage

on the current page. The address can, therefore, be accessed during

the second pass of the Assembler. For example, the coding:

OKG 200
00200 1777* TAD A

210377 040a
PAGE

00400 1025 A, 1025

is equivalent to

OKG 200
00200 1777 TAD I X

ORG 377
00377 040k) x, A

PAGE
0400 1025 A, 1025

All instructions generating links are flagged in the listing with an

apostrophe (') following the generated code. The total number of

links is printed at the completion of assembly.

DATA SPECIFICATION
A logical line of code may consist of only an expression. Such

expressions can function as flags, pointers, constants, or symbols.

If the expression is larger than 12 bits, it will be truncated to 12

bits.

PSEUDO-OPERATORS
A pseudo-operator is a defined mnemonic code that is included

in the source program as a logical line to control some functions of

the assembler. Binary code may or may not be generated by a
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pseudo-op, depending on its function. The FLAP/RALF pseudo-

ops and their functions are listed below.

EQUATE (=)

The symbol to the left of the = is assigned the value of the ex-

pression to the right of it.

OCTAL
All integers which follow are assumed to be in octal radix. The

digits 8 and 9 are flagged if they occur in octal radix. The radix is

initially set to octal by FLAP.

DECIMAL
All integers which follow are assumed to be in decimal radix.

PAGE
The current location counter is set to the beginning of the next

core page. This pseudo-op is not in the RALF assembler.

BASEn
The location of the base page, n, is placed in FLAP/RALF base

register to be used in calculating single-word addresses. The argu-

ment, n, is an expression denoting a 15-bit address. The expression

may not contain any symbols that are defined after the BASE
pseudo-op occurs. A correct sequence is illustrated below.

ORG 400

Af F 2,0

Bt F 3.0

BASE A /SET ASSEMBLER BASE REGISTER
SETB A /SET FPP BASE REGISTER

FLDA A

If no BASE pseudo-op is included, all FPP memory reference in-

structions will be 2 words. Refer to the sections on FPP addressing,

and on referencing memory.

TEXT
A string of text may be entered by using the pseudo-op TEXT

followed by a space or tab, a delimiting character, a string of text,

and the same delimiting character, issued in that order. The first
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printing character after TEXT is the delimiter and the text string

is all the characters that follow it until the next occurrence of the

delimiter or a carriage return. The characters space, tab, , , and /

cannot be delimiters. For example:

TEXT %DATA%

causes the word DATA to be printed with the code at assembly

time as:

00200 0401 TEXT XDATAX
00201 2401

END
Input is terminated. (This pseudo-op is optional, and is never

printed on the listing.)

INDEX n

Set the location of the first FPP index register to n.

ORG expr

The current location counter is assigned the value of the lower

15 bits of the address expression expr. The expression should con-

tain only symbols which have previously been defined. For exam-

ple, to set the origin at location 400 of field 1 . the pseudo-op used

is ORG 10400.

If the ORG pseudo-op is omitted, an origin of 200 in field is

assumed, but the origin setting is not included in the binary output

file. For useful results, the user program must begin with an ORG
pseudo-op.

ZBLOCK n

Assemble a block of n words containing 0.

LISTOF
Continue assembly but inhibit further listing. There is no effect

on the first two passes or if the listing is currently inhibited. This

pseudo-op never appears in the listing.

LISTON
Cease to inhibit the listing. There is no effect on the first two

passes if the listing is not currently inhibited.
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IFnnn (conditional assembly)

FLAP/RALF has ten conditional pseudo-ops. Four of them

require an argument expression:

pseudo-op function

IFZERO n <
IFNZRO n <
IFPOS n <
IFNEG n <

assemble if n is zero

assemble if n is not zero

-assemble if n is positive

assemble if n is negative

where n is an integer expression. For each of the above conditional

pseudo-ops, the expression n is evaluated and, if it fulfills the con-

ditions of the pseudo-op (e.g., n equals zero for IFZERO), the

subsequent coding is assembled. If the condition is not met, the

subsequent coding is ignored until a matching > is encountered.

Assembly is continued after the >.

The fifth and sixth pseudo-ops are used in the format:

IFREF symbol < assemble if symbol was previously de-

fined or referenced.

IFNDEF symbol < where symbol may be defined or un-

defined. When an IFREF statement

is encountered, subsequent coding is

assembled if the symbol after the

pseudo-op has been defined or refer-

enced in a previous statement. Note

that use of a symbol with an IFREF
pseudo-op or in a statement that was

skipped during assembly because the

condition required by a preceding con-

ditional pseudo-op was not met does

not constitute a reference to the sym-

bol. If the symbol has not been pre-

viously defined or referenced assem-

bly is continued after the matching

> is found.

The seventh through tenth pseudo-ops are:

IFSW n < assemble the enclosed code if the switch n

was set in the input/output file specification

to the command decoder, i.e. /nor (n).
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TFNSWn< assemble the enclosed code if the switch n
was not set.

IFFLAP < assemble the enclosed code if the assembler

is FLAP. This pseudo-op is intended for use

in programs which may be assembled either

by RALF or by FLAP.

IFRALF < do not assemble the enclosed code if the as-

sembler is FLAP.

Conditionals may be nested. A possible nested conditional is

IFFLAP < IFREF A < A=263»

Use of some of the conditional assembly pseudo-ops is illustrated

in the next example. '

IFPOS -1 <

A, F 0,0

IFNEG -1 <

00200 0000 B r F. 0,0
00201 0000
00202 0000

>

IFREF A <

TAD A

>

00203 1200 TAO B
>

IFREF G <

TAD C
»

IFNDEF D *

>

NO ERRORS
2 SYMBOLS/ NO LINKS

B 00200 D 00005

REPEAT n

Assemble the following line n times.

Sn
Generate a 1-word constant with value n. RALF does not sup-

port this pseudo-op.
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Fn
Generate a 3-word floating point constant with value n. The

argument n may be written as a decimal floating point number, for

example 2.0, or in standard exponential format, for example 2E10.

In standard exponential format, 2E10 is equal to 2 x 1010
.

En
Generate a 6-word extended precision floating point constant

with value n. The argument n may be written as a decimal floating

point number or in standard exponential format.

ADDR
Generates a two-word address corresponding to the value of the

argument. *

COMMON
Causes the assembler to enter the COMMON section whose

name follows the pseudo-op. Subsequent output is placed in the

named COMMON section until another section defining pseudo-op

is encountered.

COMMZ
Define Field 1 8-mode page section. Used to give PDP-8 page

section for the Loader.

DPCHK
Indicates that the current module requires double precision hard-

ware in order to execute.

ENTRY
Defines program entry point. The symbol whose name follows

the ENTRY pseudo-op can be used as an external symbol by other

programs. Multiple entry points with the same name are accepted

by the assembler but cause an error from the loader.

EXTERN
The symbol following this pseudo-op is defined to be external

to this assembly.

FIELD 1

Define FIELD 1 8-mode section. Used to give field 1 name of

section for the Loader.
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SECT
Define program section, used at the beginning of subprograms

to give the name of section for the Loader. For example:

SECT SUBROU
JA START
BASE m

BO, F 0.

etc.

SECT8
Define 8-mode program section. Used at the beginning of 8-mode

subprograms.

REFERENCING MEMORY
A PDP-8 computer with an FPP is basically a 32K machine. All

of this memory may be referenced through the 15 bit address field

provided by the 2-word memory reference instructions. When it is

necessary to conserve memory, the base page and the short form

(1 word) of the memory reference instructions can be used. Those
instructions that have a floating point operand can use this short

form:

FADD FDIV FMUL FSTA
FADDM FLDA FMULM FSUB

The base page is a movable page assigned by the user. To
determine the location referred to by the operand of the single

word instruction the displacement field (address expression) is

multiplied by 3 and added to the contents of the base register.

Thus, using the single word form of the instruction, any location

within 128*3 locations of the base register can be referenced. (Only

128*3 locations can be. accessed because the displacement field has

only 7 bits.) The location of the base page (via BASE) and the

operands (via ORG, =. etc.) must be defined in the coding before

the FPP instruction. Then the short form of the instruction will be

executed unless the suffix # is added, forcing the long (2 word)

form.
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Consider the following example of the BASE pseudo-op:

OHG 200
00200 0002 A '

00201 2000
00202 0000
00203 0002 Bf
00200 3000
00205 0000
00206 0003 C '

00207 2^00
00210 0000
00211 0000 ' &#

00212 0000
00213 0000

F 2,0

F 3,0

F 5,0

F 0,0

00214 1110
00215 0200
00216 0200
00217 1201
00220 4202
00221 6203

BASE 200
SETB 200

PUDA A

FAOD B

FMUL C

FSTA D /D«(A*B)*C

This same program can be written with a subroutine:

ORG 200
013200 21302 A, F 2,0
0,1201 2000
00202 "0000 ;

00203 0002 8» F 3.0
00204 3000
00205 0000
510206 0003 C, F 5,0
00207 2100
510210 0000
00211 0000 D, F 0,0
00212 0000
00213 0000

00214 1110 SETB 200
00215 0200
00216 1120 JSA SUBR

00217 0400
dHii<Z 7402

OKG 400

HUT
BASE

30400 0000 SUBR, 0/0 /LEAVE 2 WORDS FOR JSA

510401 0000
00402 3200 FLOA /A

00403 1201 FADD 3 /B

00404 4202 FHUL 6 /C

00405 6203 FSTA 11 , /D

00406 1030 JA SUBR /--RETURN--
00407 0400
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This routine performs the same operation as the first one. The
values 0, 3, 6, and 11 are used with BASE so that the assembler

generates the correct 1 word instructions.

RALF FEATURES
RALF symbols may be absolute, relocatable, or external. When

a relocatable symbol appears in an assembled value, an indicator

is placed in the binary output file so that the relocating loader

(LOAD) will add the base loading address of the assembled value

to arrive at the value to be loaded. If an external symbol appears,

the loader will look up the name of the symbol in its symbol table

and substitute the value found there for the symbol. The loader

symbol table contains all symbols defined by the SECT, SECT8.
FIELD1, COMMON, COMMZ and ENTRY pseudo-ops of

RALF. Expressions using both absolute and relocatable terms are

evaluated as follows (where "op" is one of the set [+-*/& !]

and "opl" is one of the set [* / & !]):

expression Evaluated

numeric constant absolute

label relocatable

relocatable -t absolute relocatable

relocatable — relocatable absolute

. relocatable

absolute — relocatable ERROR
expression ppl relocatable ERROR
relocatable opl expression ERROR

RALF code is divided into sections, each section is a separately

loadable entry within the assembly. These sections are defined via

one of the five pseudo-ops: SECT, SECT8, FIELD1, COMMON
and COMMZ. Section names are placed in the External Symbol
Dictionary (ESD) which is used by the relocating loader to build

its symbol table. The pseudo-ops ENTRY and EXTERN allow

RALF programs to insert other symbols into the ESD and to refer

to these symbols in other RALF programs at load time. Table 5-3

lists the RALF pseudo-ops and their meanings.
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Core Allocation

The user who wishes to link RALF modules containing PDP-8

mode code must be aware of the core allocation algorithm of the

loader. Five RALF pseudo-ops may be used to specify a section:

SECT, COMMON, SECTS, FIELD1, and COMMZ. These sec-

tions are loaded independently by the loader, including those in

the same RALF module. SECT is used to begin a section of RALF
code that can be loaded into any level and overlay and anywhere in

field 1 and above. COMMON is used to begin a sectionwith a given

name available to COMMON statements in FORTRAN or other

RALF modules. SECT8 is used to begin a section of RALF code

that is loaded into level MAIN and is required to begin and end

on a page boundary. FIELD 1 is used to begin a section subject to

all the restrictions of SECT8 and in addition must be loaded into

field 1. COMMZ is used to begin a section subject to all the re-

strictions of FIELD 1 and must be loaded into page 0.

The first COMMZ section encountered is forced to begin at loca-

tion 10000, thus enabling a page in field 1. COMMZ sections of

the same name are handled like COMMON sections of the same

name (i.e., they are combined into one common section). This

feature allows 8-mode code in different modules to share page 0,

provided that the modules do not destroy each other's page

allocations. Suppose two modules were to share page 0, with the

first using location 0-17 and the second using locations 20-37:

* /Module A
COMMZ SHARE

PI, 1

P2, 2

KSUBA1, SUBA1
KSUBA2, SUBA2

/Should not go over

LASTA, -1 /20 locations

FIELD1 A

TADZ PI

JMSZ% KSUBA1
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COMMZ SHARE
/Module B

P3,

ORG .+20

3

/ORG past module A's

/Page

P4, 4

KSUBB, SUBB

LASTB -2
FIELD 1 B

TADZ P3

The two COMMZ sections will be put on top of one another, how-
ever, because of the ORG .+20 in module B, they will effectively

reside back to back. When the image is loaded, the COMMZ sec-

tions will look as follows:

T *~v^-1

i 0000

0001

3

1

2

SUBA1
SUBA2

1 0017

1 0020

21

22

-1

3

4

SUBB

/LASTA

37 /LASTB
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If module A is to reference module B's page 0, the procedure is:

P3=20
TADZ P3

Alternately, a duplicate of the- source code for COMMZ SHARE
may be included in module B. Modules that are using the same

COMMZ section must be aware of how it is divided up. Although

COMMZ SHARE takes only 40 locations, the loader allocates a

full 200 locations to it. All 8-mode section core allocations are

always rounded up so that they terminate on a page boundary. If

COMMZ sections of different names exist, they are accepted by

the loader and inserted into field 1, but only one COMMZ is the

real page 0. In general, it is unwise to have more than 1 COMMZ
section name.

If there is more than one COMMZ pseudo-op in a module, they

are stacked one behind the other, but there is no way of specifying

which one starts at absolute location of field 1 . COMMZ sections

are allocated by the loader before FIELD 1 sections.

For users who intend to write 8-mode code that will execute in

conjunction with certain 8-mode library routines, the layout of

PDP-8 FIELD 1 #PAGE is:

LOCATION USE

0-1 Temps for any non-interrupt time routine

2-13 User locations.

14-157 System locations.

160-177 User locations. .....'
1. Do not define any COMMZ sections other than the system

COMMZ which is #PAGE0.
2. If the system page is desired, it will be pulled in from the

library if EXTERN #DISP appears in the code.

3. Do not use any part of page reserved for the system.

FIELD 1 sections are identical to COMMZ sections in most

respects. Memory allocation for FIELD 1 sections is assigned after

COMMZ sections, however, and FIELD 1 sections are combined

with FORTRAN COMMON sections of the same name as well as

other FIELD 1 sections of the same name. The first difference en-

sures that COMMZ will be allocated page storage even in the

presence of FIELD 1 sections. The second allows PDP-8 code to

be loaded into COMMON, making it possible to load initialization
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code into data buffers.Two FIELD 1 sections with the same name
may be combined in the same manner as two COMMZ sections.

The primary purpose of COMMZ is to provide a PDP-8 page 0;

the primary purpose of FIELD 1 is to ensure that 8-mode code will

be loaded into field 1 and that generating CIF CDF instructions

in-line is not necessary. SECT8 sections may not be combined in

the manner of a COMMON and are not ensured of being placed

into field 1

.

A section begins when a pseudo-op with its name first appears.

A SECTS section is not combined with another of the same name
in another RALF module. However, the second use of the same

name in the same module continues a section. For example:

SECTS PARTA

SECT8 PARTB

SECT8 PARTA
The second mention of PARTA in the same module continues the

source where the first mention of PARTA ended. (There is a loca-

tion counter for each section.)

An 8-mode sect'on does not have to be less than a page in length;

however, the programmer should be aware that a SECT8 section

which exceeds one page may be loaded across a field boundary and

could thereby produce disastrous results at execution time. For

this reason, it is generally unwise to cross pages in SECT8 code.

This situation will never occur on an 8K configuration. If the total

amount of COMMZ and FIELD 1 code exceeds 4K, the loader

generates an OVER CORE message. The loader generates an MS
error for any of the following:

1

.

A COMMZ section name is identical to some entry point or

some non-COMMZ section name.

2. A FIELD 1 section name is identical to some entry point or a

SECT, SECT8 or COMMZ section name.

3. A SECT8 section name is identical to an entry point or some

other section name.
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COMMZ sections, like FORTRAN COMMONS, are never en-

tered in the library catalog.

RALF Programming Notes

The best means of creating RALF modules that can be called

from FORTRAN programs is to write a skeleton FORTRAN sub-

routine. The subroutine should be written so that it can be called

with the same "call" statement to be used for the RALF subroutine.

Trlis FORTRAN subroutine is then compiled with the RALF out-

put sent to a mass storage file. This file may be modified using

EDIT or TECO to create the desired module.

The address pseudo-op (ADDR) which generates a two word

relocatable 15 bit address (i.e., JA TAG without use of JA) might

prove useful in 8-mode routines. The following example demon-

strates a way in which an 8-mode routine in one RALF module

calls an 8-mode routine in another module:

KSUB,

EXTERN SUB

RIF /Set DF to current

TAD ACDF /IF for return

DCA .+1

/CDF X
TAD KSUB /Make a CIF from

RTL CLL /Field bits

RAL •

TAD ACIF
DCA .+1

/CIF to field

/Containing SUB
JMS% KSUB+1

ADDR SUB /Pseudo-op to

/Generate 15 bit

/ADDR of subroutine

/SUB
ADCF,
ACIF,

CDF
CIF

In general the address pseudo-op can be used to supply an 8-mode
section with an argument or pointer external to the section.
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FPP and 8-mode code may be combined in any RALF section.

PDP-8 mode routines must be called in FPP mode by either:

TRAP3 SUB
or TRAP 4 SUB

A TRAP3 SUB causes FRTS to generate a JMP SUB with inter-

rupts on and the FPP hardware (if any) halted. TRAP4 generates*a

JMS SUB under the same conditions. The return from TRAP4 is:

CDF CIF
JMP% SUB

The return from TRAP3 is

:

CDF CIF
JMP% RETURN+1

EXTERN #RETRN
RETURN, ADDR #RETRN

It is not possible to call PDP-8 mode subroutines from FOR-
TRAN. A RALF subroutine called from FORTRAN will be en-

tered in FPP-mode, it may branch into PDP-8 mode code using a

TRAP3 or TRAP4.
o„-„~ ;„„+:— u~*~,„„_ rrr>T> 1 o j„ +: :,. u~~* J „av^ummuiiitdutiu uciwccu rrr anu o-mouc luuuiica is ucai uuiic <u

the FPP level because of greater flexibility in both addressing and

relocation in FPP mode. The following routine demonstrates how
to pass an argument to, and retrieve an argument from, an 8-mode

routine

:

EXTERN SUB
EXTERN SUBIN
EXTERN SUBOUT

FLDA X /Arg for SUB
FSTA SUBIN
TRAP4 SUB /Call SUB
FLDA SUBOUT /Get result

FSTA Y
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If the 8-mode routine SUB were in the same module as the

FPP routine, theEXTERNs would not be necessary. In practice it is

common for FPP and 8-mode routines that communicate with one

another to be in the same section. A number of techniques can be

used to pass arguments. For example, an FPP routine could move
the index registers to an 8-mode section and pass single precision

arguments via ATX.
Because 8-mode routines are commonly used in conjunction with

FPP code (generated by the compiler), the 8-mode programmer

should be familiar with OS/ 8 FORTRAN IV subroutine calling

conventions. The general code for a subroutine call is a JSR, fol-

lowed by a JA around a list of arguments, followed by a list of

pointers to the arguments. The FPP code for the statement:

CALL SUB (X,Y,Z)

VOllid be

EXTERN SUB
JSR SUB
JA BYARG
JA X
JA Y
JA Z

BYARG,

The general format of every subroutine obeys the following scheme:

SECT SUB
JA #ST /Jump to start of

/Routine

TEXT +SUB+ /Needed for

/Trace back

RTN, SETX XSUB /Reset SUB's index

SETB BSUB /And base page

BSUB, FNOP
JA

/Start of base page
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ORG BSUB+30
FNOP:JARTN

GOBAK, FNOP:JA.

/Restart for SUB

/Return to

/Calling program

Location 0000 of the calling routine's base page points to the list

of arguments, if any, and may be used by the called subroutine

provided that it is not modified. Location 0003 of the calling

routine's base page is free for use by the called subroutine. Loca-

tion 0030 of the calling routine's base page contains the address

where execution is to continue upon exit from the subroutine, so

that a subroutine should not return from a JSR call via location

of the calling routine

:

CORRECT
FLDA 30

JAC

INCORRECT
FLDA
JAC

This return allows the calling routine to reset its own index reg-

isters and base page before continuing in-line execution. General

initialization code for a subroutine would be:

SECT
JA

SUB
#ST

BASE
#ST, STARTD /So only 2 words

/Will be picked up

FLDA 30 /Get return JA
FSTA GOBAK /Save it

FLDA /Get pointer to list

SETX XSUB /Set SUB's XR
SETB BSUB /Set SUB's Base

BASE BSUB
INDEX XSUB
FSTA BSUBX /Store pointer

/Somewhere on Base
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STARTF /Set F mode before

JA GOBAK /Return

The above code can be optimized for routines that do not require

full generality. The JA #ST around the base page code is a con-

venience which may be omitted. The three words of text are nec-

essary only for error traceback and may also be omitted. If the

subroutine is not going to call any general subroutines, the SETX

and SETB instructions at location RTN and the JA RTN avoca-

tion 0030 are not necessary. If the subroutine does not require a

base page, the SETB instruction is not necessary in subroutine

initialization; similar remarks apply to index registers. If neither

base page nor index registers are modified by the subroutine, the

return sequence:

FLDA Q

JAC

is also legal. In a subroutine call, the JA around the list of argu-

ments is unnecessary when there are no arguments. A RALF list-

ing of a FORTRAN source will provide a good reference of gen-

eral FPP coding conventions.

The AMOD routine is listed in Figure 5-1 to illustrate an applica-

tion of the formal calling sequence. It also includes an error con-

dition check and picks up two arguments. When called from

FORTRAN, the code is AMOD(X,Y).

If a PDP-8 mode subroutine is longer than one page and values

are to be passed across page boundaries, the address pseudo-op,

ADDR, is required. The format is:

AVAR1,ADDRVAR1
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/
/

/

/

/

/

S JIOC

/SUBROUTINE AMODCX.Y)
SECT A MOD
ENTRY MOD
JA #AMOD
TEXT +AMOD +

AMODXR, SETX XRAMOD
SETS BPAMOD

BPAMOD, F 0.0
XRAMOD, F 0.0
AMODX, F 0.0

ORG 10*3+BPAMOD
FNOP
JA

JA

AMODXR

AMDRTN, •

EXTERN LARGER
AMODER, TRAP4

FCLA
*ARGER

JA AMDRTN
BASE

/LONG ENOUGH TO GET RETURN /

MOD,
iCAMOD, STARTD

FLDA 10*3
FSTA AMDRTN
FLDA
SETX XRAMOD
SET8 BPAMOD
BASE BPAMOD
LDX 1,1
FSTA BPAMOD
FLDAZ BPAMOD,

1

FSTA AMODX
FLDA 7. BPAMOD, 1+
FSTA BPAMOD
n T a i-» -p»*
o inn ir

FLDA 7. BPAMOD
JEQ AMODER
JGT .+3
FNEG
FSTA BPAMOD
FLDA 7. AMODX
JGT .+5
FNEG
LDX 0,1
FSTA AMODX
FDIV BPAMOD
JAL AMODER
ALN
FNORM
FMUL BPAMOD
FNEG
FADD AMODX,
JXN AM,1
FNEG

\n, JA AMDRTN

/SECTION NAMECREAL NUMBERS)
/ENTRY POINT NAME( INTEGERS)
/JUMP TO START OF ROUTINE
/FOR ERROR TRACE BACK
/SET INDEX REGISTERS
/ASSIGN BASE PAGE
/BASE PAGE
/INDEX REGS.
/TEMP STORAGE
/RETURN SEQUENCE

/EXIT

/PRINT AN ERROR MESSAGE
/EXIT WITH FAC:0 , .

/STAY ON CALLER'S BASE PG
ADDRESS

/START OF INTEGER ROUTINE SAME AS
/S-TART OF REAL NUM. ROUTINE
/GET RETURN JUMP
/SAVE IN THIS PROGRAM
/GET POINTER TO PASSED ARG
/ASSIGN MOD'S INDEX REGS
/AND ITS BASE PAGE

/ADDR OF X

/A DDR OF Y

/GET Y

/Y=0 IS ERROR

/AtiS VALUE

/GET X

/A3S VALUE
/NOTE SIGN
/SAV IN A TEMPORARY
/DIVIDE BY Y

/TOO BIG.
/FIX IT UP NOW.

/MULITPLY IT.
/NEGATE IT.
/AND ADD IN X.
/CHECK SIGN

/DONE

Figure 5-1 AMOD Routine
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This generates a two-word (15 BIT) reference to the proper loca-

tion on another page, here VAR1. For example, to pass a value to

VAR1, possible code is:

00124 1244 TAD VAR2 /Value on this page

00125 3757 DCA% AVAR1+1 /Pass through 12-bit

/location

00156 0000 AVAR1,ADDR VAR1 /Field and

00157 0322 /location of VAR1

Any reference to an absolute address can be effected by the ADDR
pseudo-op.

If it is doubtful that the effective address is in the current data field,

it is necessary to create a CDF instruction to the proper field. In

the above example, suitable code to add to specify the data field is:

TAD AVAR1 /Get field bits

RTL /Rotate to bits 6

RAL
TAD (6201 /Add a CDF
DCA .+1 /Deposit in line

/Execute CDFn

If the subroutine includes an off-page reference to another RALF
module (e.g., in FORLIB), it can be addressed by using an

EXTERN with an ADDR pseudo-op. For example/in the display

program, a reference to the non-interrupt task subroutine ONQB
is coded as

EXTERN ONQB
ONQBX, ADDR ONQB

and is called by

JMS% ONQBX+1

No field change instruction is necessary here, because both library

modules are defined by -field 1 pseudo-op's, and so are both in the

same field.

RALF does not recognize LINC instruction or PDP-8 labora-

tory device instructions. Such instructions can be included in the

subroutine by defining them by equate statements in the program.
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For example, adding the statements

:

PDP = 2

LINC = 6141

DIS=140

takes care of all instructions for coding the PDP-12 display sub-

routine.

When writing a routine that is going to be longer than a page,

it can be useful to have a non-fixed origin in order not to waste

core and to facilitate modification of the code. A statement such as

IFPOS .-SECNAM&177-KXORG
.-SECNAM&7600+200+SECNAM>

will start a new page only if the value [current location less section

name] is greater than some K (start of section has a relative value

.of 0) where K<177 and is the relative location on the current page

before which a new page should be started. The ORG statement

includes an AND mask of 7600 to preserve the current page. When
added to 200 for the next page and the section name, the new
origin is set.

When calculating directly in a module, the following rules apply

to relative and absolute values.

relative — relative = absolute

absolute 4- relative = relative

OR (!), AND (&) and ADD (+) of relative symbols

generate the RALF error message RE.

When passing arguments (single precision) from FPP code to PDP
code, using the index registers is very efficient. For example,

FLDA% ARG 1 /Get argument in FPP mode
SETX MODE8 /Change index registers so XRO is

/At MODE8
ATX MODE8 /Save argument

TRAP4 SUB8 /Go to PDP-8 routine
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SUB8,

MODE8,

/PDP-8 routine

TAD MODE8 /Get argument

/Index registers set here

The source of FORTRAN Library is the best collection available

of useful coding techniques in RALF. Working examples include

subroutine linkage, 8-mode trap sequences, background task

inclusion, interrupt handling, laboratory peripheral interfacing,and

mathematical calculation.

Using The Assembler

FLAP/RALF is run as a standard OS/8 program by typing:

.R FLAP (or RALF)
binary,listing«-input 1 ,input2,

where binary is the binary output file, default extension .RL; listing

.is the listing output file, default extension .LS; inputl, input2, etc.

are up to 9 source input files, default extensions .RA . The source

files must contain only one FLAP/RALF source module (i.e., one

END statement).

All error messages are printed on the terminal during pass 2,

without affecting the binary output file, along with the line which

caused the error. This output may be inhibited by typing CTRL/O.

The error messages are also printed above the error line on the

listing. FLAP/RALF error codes are listed in the next section.
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Assembly may be aborted by typing CTRL/C. Each page of a
FLAP/RALF listing has a one line header in the form:

FLAP (or RALF) V nn mo da, yr PAGE r

where nn is the assembler version number, mo da, yr is the date,

and r is the page number.

The /S option, in FLAP, may be used to suppress the listing

file and generate only the symbol map on pass 3. If no listing file

is specified, this option is ignored. The /T option performs the

same function in RALF.

Error Messages

During pass 2, error messages are printed at the terminal as they

occur, followed by the statement in which the error occurred.

During pass 3, error codes are printed in the listing immediately

preceding the line in which the error occurred, except the EG mes-
sage, which is printed after the line. If the line of code includes

statements terminated by a semicolon, then the error message for

a statement precedes the printing of its octal value on the next line.

A fatal error causes an immediate return to the OS/8 monitor
after the message is printed. The following table lists the error

codes and their meanings.

Table 5-2 FLAP/RALF Error Codes

Error Code Meaning

BE Illegal equate. The symbol had been defined pre-

viously.

BI Illegal index register specification.

BX Bad expression. Something in the expression is in-

correct or the expression is not valid in this context.

DV Ah attempt was made in an expression evaluation to

divide by zero.

EG The preceding line contains extra code which could

not be used by the assembler.
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Table 5-2 FLAP/RALF Error Codes (Cont.)

Error Code Meaning

ES External symbol error. (RALF only)

FL An error has occurred in the FPP or software float-

ing conversion routines. This could be due to an at-

tempt to convert an excessively large or small num-

ber, or an internal error in the assembler occurred.

FP A syntax error was encountered in a floating point

or extended precision constant.

IC The symbol or expression in a conditional is im-

properly used, or left angle bracket is missing. The

conditional pseudo-op is ignored.

IE An entry point has not been defined, or is absolute,

or is also defined as a common, section, or external.

(RALF only)

IL A literal was used in an instruction which cannot

accept one. (FLAP only)

IO Input/output error (fatal error)

.

IR Invalid reference in a PDP-8 instruction.

IX An index register was specified for an instruction

which cannot accept one.

LT The line is longer than 127 characters. The first

127 characters are assembled and listed.

MD The tag on the line has been previously encountered

at another location or has been used in a context

requiring an absolute expression.

NE Number error. A number out of range was specified

or an 8 or 9 occurred in octal radix.

PO Page overflow. Literals and instructions have been

overlapped. (FLAP only)

RE Relocatability error. A relocatable expression has

been used in context requiring an absolute expres-

sion. (RALF only)
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Table 5-2 FLAP/RALF Error Codes (Cont.)

Error Code Meaning

ST User symbol table overflow (fatal error).

US Undefined symbol in an expression.

XS External symbol table overflow. Control returns to

the OS/ 8 Keyboard Monitor. (RALF only)

FLAP/RALF Pseudo-Operators

The following table lists the FLAP/RALF pseudo-ops and gives

a brief description of each pseudo-op.

Table 5-3 FLAP/RALF Pseudo-Operators

Pseudo-op Meaning

ADDR

BASE expr

COMMON name

r>n» ZfK XT
v^wivj.ivi.*., name

DECIMAL

E xxx

END

ENPUNC

ENTRY name

EXTERN name

Fxxx

FIELD 1 name

Place the 15-bit address of the symbol into two
words of core at the current position of the

location counter.

Assign base register for 1-word instructions.

Causes the assembler to enter the common sec-

tion whose name follows the pseudo-op.

i^enne name as a special common section re-

stricted to load into page of field 1.

Set radix for integer conversion to decimal.

Generate 6-word extended precision floating

point constant.

End of input.

Re-enable binary output (FLAP only).

Insert name into the ESD as an entry point.

The symbol name must be defined as a relocat-

able symbol in the current assembly.

Insert name into the ESD as an external refer-

ence. The symbol name must not be defined in

the current assembly.

Generate 3-Word floating point constant.

Similar to SECT8, but this section is restricted

to load into field 1 only.
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Table 5-3 FLAP/RALF Pseudo-Operators (Cont.)

Pseudo-op Meaning

IFFLAP

IFNDEF n

IFNEG n

IFNSW n

IFNZRO n

IFPOS n

IFRALF

IFREF symbol

IFSWn

IFZERO n

INDEX n

LISTOF

OCTAL

ORG expr

PAGE

REPEAT n

Sxxx

SECT name

SECT8

TEXT

ZBLOCK n

Assemble if the assembler is FLAP.

Assemble if n is not defined.

Assemble if n is negative.

Assemble if switch n was not set in Command
Decoder input.

Assemble if n is not zero.

Assemble if n is positive.

Assemble if the assembler is RALF.

Assemble if symbol has already been defined or

referenced.

Assemble if symbol was set in Command De-

coder input.

Assemble if n is zero.

Assign index register location.

Inhibit program listing.

Set radix for integer conversion to octal.

Set current location counter to lower 15 bits of

expr.

Set current location counter to the beginning of

next core page (FLAP only).

Repeat next line n times.

Generate 1-word constant (FLAP only).

Define name as a section and begin that section.

Subsequent SECT name commands will resume

the section wherever it left off.

Similar to SECT, but this section is restricfed

to load in level MAIN, on a 2008 word bound-

ary. SECT8 is used to define sections that con-

tain PDP-8 mode code.

Assemble the text between delimiters as packed

6-bit ASCII characters.

Assemble n words containing 0.

Equate symbol on left of = to value of expres-

sion on right.
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basic

INTRODUCTION TO OS/8 BASIC
BASIC1

is an interactive programming language with a variety

of applications. It is used in scientific and business environments

to solve both simple and complex mathematical problems with a

minimum of programming effort. It is. used by educators and stu-

dents as a problem-solving tool and as an aid to learning through

programmed instruction and simulation.

In many respects the BASIC language is similar to other pro-

gramming languages (such as FOCAL and FORTRAN), but

BASIC is aimed at facilitating communication between the user

and the computer. The BASIC user types in the computational

procedure as a series of numbered statements, making use of com-

mon English words and familiar mathematical. notations. Because

of the small number of commands necessary and its easy appli-

cation in solving problems, BASIC is one of the simplest computer

languages to learn. With experience, the user can add the advanced

techniques available in the language to perform more intricate ma-

nipulations or express a problem more efficiently and concisely.

OS/8 BASIC has a greater capability than 8K BASIC and con-

tains such added features as chaining, string manipulation, and

file-oriented input/output.

Running BASIC
Once the Keyboard Monitor has responded with a period to in-

dicate that it is ready to receive a monitor command, the user

types the following command:

.R BASIC

BASIC responds with the following:

1 BASIC is a registered trademark of the trustees of Dartmouth College.
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NEW OR OLD—
The user types in:

NEW FILE.EX

if the user is going to create a new program, where FILE.EX is the

name and extension of the new program. If the user wants to work
with a previously created program. that he saved on a storage

device, he types in the following:

OLD DEV:FILE.EX

where DEV: is the name of the OS/8 device on which his old file

is stored.

For example:

OLD DTA6:SAMPLE.BA

This response to NEW or OLD—retrieves the file named SAM-
PLE from DECtape 6 and replaces the current contents of user

core with the file SAMPLE. If the user specifies a device that does

not exist or that is not available for use, BASIC returns an error

message.

ENTERING THE NEW PROGRAM
After the user types in his filename, OS/8 BASIC responds with

the following:

READY

The user can begin to type in his new program or make changes

to his old program. When the new program is being typed, the

user must make sure that each line begins with a line number con-

taining no more than five digits and containing no spaces or non-

digit characters. The RETURN key must be pressed at the com-

pletion of each line. If, in the process of typing a statement, the

user makes a typing error and notices it before he terminates the

line, he can correct it by pressing the RUBQUT key or SHIFT/O
keys once for each character to be erased, going backward until

the character in error is reached. Then he may continue typing,

beginning with the character in error. Using the RUBOUT key or

SHIFT/O keys echoes a backarrow («-) for each character de-

leted. The following is an example of this correcting process (note

that a <— is typed for spaces as well as characters):
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20 DEN F<-<-^-F FNA(X,Y)=t 2+3*Y

The corrected version of the above example would appear on a

subsequent listing of the program as:

20 DEF FNA(X,Y)=Xt-2+3*Y

Program listings can be generated using the LIST or LISTNH
commands.

EXECUTING THE PROGRAM
After typing the complete program (do not forget to end with an

END statement), type RUN or RUNNH, followed by the RE-

TURN key. OS/8 BASIC prints the name of the program,

-the version of OS/8 BASIC, the current date (unless RUNNH is

specified), and then it analyzes the program. If the program can be

run, OS/8 BASIC executes it and, via PRINT statements, prints out

any results that were requested. The printout of results does not

guarantee that the program is correct (the results could be wrong),

but it does indicate that no syntactical errors exist (e.g., missing

line numbers, misspelled words, or illegal syntax). If errors of

this type do exist,- OS/8 BASIC prints a message (or several mes-

sages) to the user. A list of these diagnostic messages, with their

meanings, is given at the end of the chapter.

NOTE
RUN and RUNNH are control commands.,

and like all other OS/8 BASIC edit and con-

trol commands, they do not require a line

number preceding the command.

CORRECTING THE PROGRAM
If the user receives an error message printout informing him,

for example, that line 60 is in error, the line can be corrected by

typing in a new line 60 to replace the erroneous one. If the state-

ment on line 110 is to be eliminated from the program, it is

accomplished by typing the following:

110 (followed by a carriage return)

If he wishes to insert a statement between lines 60 and 70, the

user types a line number between 60 and 70 (e.g., 65), followed

by the statement.
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INTERRUPTING EXECUTION OF THE PROGRAM
If the results being printed seem to be incorrect and the user

wants to stop execution of his program, the user types CTRL/C
which is echoed by t C. The OS/8 BASIC editor responds with the

READY message whereupon the user can modify or add state-

ments and rerun his program.

LEAVING THE COMPUTER
When the user's program is finished and he no longer requires

the use of OS/8 BASIC, he types the BYE command (or CTRL/C)
to return control to the Keyboard Monitor.

EXAMPLE OF OS/8 BASIC RUN

The following is a simple example of the use of OS/8 BASIC.

READY
SCRATCH

READY

. R BASI C
NEW OR OLD--NEW SAMPLE. BA

READY
10 FOR N= 1 TO 7

20 PRINT N*SOR«N)
30 NEXT N
40 PRINT "DONE"
50 END
RUN

SAMPLE BA 3.0

1

2

3

4

5

6

7

DCNE

1

1.41421
1.7 3205
2

2.23607
2. 449 49

2. 64575

Instruct "monitor to bring

BASIC into core and start

its execution

BASIC asks whether new
or old program is to be run

BASIC is now ready to

receive statements

Type in statements

Run program

Program heading and re-

sults of program are printed

READY
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OS/8 BASIC Overview

GENERAL SYSTEM DESCRIPTION

The OS/8 BASIC system is divided into five discrete parts:

1. Editor

-2. Compiler

3. Loader '

4. Runtime System

5. Runtime System Overlays

The OS/8 BASIC Editor is used to create and edit the source

program. On receipt of a RUN command, the Editor stores the

program in a temporary file and chains to the Compiler. The Com-

piler compiles the program into pseudo-instructions which are then

loaded into core with the Run-time System by the Loader. The Run-

time System interprets each pseudo-instruction, calling each of the

Overlays into core as needed. On completion of the program, the

Run-time System chains back to the Editor.

OS/8 BASIC STATEMENTS AND COMMANDS
OS/ 8 BASIC consists of program statements and system con-

trol commands which are needed to write programs. A number of

the elementary OS/ 8 BASIC statements and commands are:

OS/8 BASIC Statements

LET Assign a value to a variable.

PRINT Print out the indicated information.

READ Initialize variables to values from the data list.

DATA Provide initial data for a program.

GOTO Change order of program execution.

Conditionally change order of program execution.

Set up a program loop.

IF GOTO
IF THEN
FOR TO
STEP
NEXT End a program loop.

GOSUB Go to a subroutine.

RETURN Return from a subroutine.

INPUT Get initial values from the terminal.

REM Insert a program comment.

RESTORE Restore the data list.
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DEF Define a function.

STOP Stop program execution.

END End a program.

DIM Define subscripted variables.

UDEF Define user-coded function.

OS/ 8 BASIC Edit and Control Commands

LIST List all stored program statements.

RUN Run the currently stored program.

SCRATCH Delete the currently stored program.

SAVE Save the currently stored program.

OLD Retrieve the old program.

NEW Prepare for a new program.

NAME Rename the currently stored program.

BYE Exit from BASIC.

These statements and commands are explained in detail with actual

computer output in this manual. For the convenience of the user,

a detailed OS/8 BASIC Statement, Command and Function Sum-
mary is included at the end of the chapter.

The experienced BASIC programmer may elect to skip the first

six sections of this chapter since they are rather fundamental.

However, he should familiarize himself with the remaining sections

as they provide information specifically related to OS/8 BASIC.

OS/8 BASIC ARITHMETIC
Numbers

An OS/8 BASIC number may be any number in the range of

10-6i«<N<10eie
. OS/8 BASIC treats all numbers as decimal

numbers; that is, it accepts any number containing a decimal, and

assumes a decimal point after an integer. The advantage of treat-

ing all numbers as decimal numbers is that the programmer can

use any number or symbol in any mathematical expression with-

out regard to its type.

In addition to integer and decimal formats, a third format is

recognized and accepted by OS/ 8 BASIC and is used to express

numbers outside the range .000001^x^999999. This format is

6-6



called exponential or E-type notation and in this format, a number
is expressed as a decimal number times some power of 10. The
form is:

xxEn

where E represents "times .10 to the power of," thus the number is

read: "xx times 10 to the power of n." For example:

23.4E2=23.4*102=2340

Data may be input in any one or all three of these forms. Results

of computations are output as decimals if they are within the range

previously stated; otherwise, they are output in E format. OS/8
BASIC handles six significant digits in normal operation and in-

put/output, as illustrated below:

Value Typed in Value Output By OS/8 BASIC

.01 0.0099999

.0099 0.0099

999999 999999

1000000 .100000E+007
.0000009 .899999E-006

OS/8 BASIC automatically suppresses, the printing of leading and

trailing zeros in integer numbers and all but one leading zero in

decimal numbers. As can be seen from the .preceding examples,

OS/8 BASIC formats all exponential numbers in the form:

sign .xxxxxxE(+or—)n

where x represents the number carried to six decimal places, E
stands for "times 10 to the power of," and n represents the expo-

nential value.

For example:

-.347021E+009 is equal to -347,021 ,000

.726000E-003 is equal to 0.000726
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Variables

A simple variable in OS/8 BASIC is an algebraic symbol repre-

senting a number, and is formed by a single letter or a letter fol-

lowed by a digit. For example:

Acceptable Variables Unacceptable Variables

I 2C-

B3

X

-a digit cannot begin

a variable

AB—two or more letters

cannot form a variable

The user may assign values to variables either by indicating the

values in a LET statement, or by inputting the values as data.

10 LET 1=53721

20 LET B3=456.9

30 LET X=20E9
40 INPUT Q

These operations, as well as subscripted variables, are discussed in

detail in the section entitled LISTS AND TABLES. A discussion

of subscripted and unsubscripted string variables is provided in the

section entitled ALPHANUMERIC INFORMATION.

Arithmetic Operations

OS/8 BASIC performs addition, subtraction, multiplication,

division and exponentiation, as well as more complicated opera-

tions explained in detail later in the manual. The five operators

used in writing most formulas are:

Symbol

Operator Meaning Example

+ Addition A + B
— Subtraction A-B
*

/

Multiplication

Division

A* B
A/ B

t(or**) Exponentiation

(Raise A to the B Power)
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PRIORITY OF ARITHMETIC OPERATIONS
In any given mathematical formula, OS/8 BASIC performs the

arithmetic operations in the following order:

1. Parentheses receive top priority. Any expression within

parentheses is evaluated before an unparenthesized expres-

sion.

2. In absence of parentheses, the order of priority is:

a. Exponentiation

b. Multiplication and Division (of equal priority)

c. Addition and Subtraction (of equal priority)

3. If either 1 or 2 above does not clearly designate the order

of priority, then the evaluation of expressions proceeds from

left to right.

The,expression A f B t C is evaluated from left to right as follows:

1. AfB = step 1

2. (result of step 1) t C = answer

The expression A/B*C is also evaluated from left to right since

multiplication and division are of equal priority:

1. A/B =step 1

2. (result of step 1)*C = answer

PARENTHESES
Parentheses may be used by the programmer to change the order

or priority (as listed in rule 2 above), because expressions within

parentheses are always evaluated first. Thus, by enclosing expres-

sions appropriately, the programmer can control the order of evalu-

ation. Parentheses may be nested, or enclosed by a second set (or

more) of parentheses. In this case, the expression within the inner-

most parentheses is evaluated first, and then the next innermost,

and so on, until all have been evaluated.

Consider the following example:

A=7*((Bt2+4)/X)

The order of priority is:

1. Bf

2

=step 1

2. (result of step l)+4 = step 2
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3. (result of step 2)/X - step 3

4. (result of step 3)*7 =A
Parentheses also prevent any confusion or doubt as to how the ex-

pression is evaluated. For example:

A*BT2/7+B/C+Df2
((A*B 1 2)/7)+((B/C)+D f 2)

Both of these formulas will be executed in the same wav. How-
ever, the inexperienced programmer or student may find that the

second is easier to understand. Spaces may also be used to increase

readability. Since the OS/8 BASIC compiler ignores spaces, the

two statements:

10LETB = DT2+1
10LETB=Df2+l

are identical, but spaces in the first statement provide ease in read-

ing.

RELATIONAL OPERATORS
A program may require that two values be compared at some

'point to discover their relation to one another. To accomplish this,

OS/8 BASIC makes use of the following relational operators:

= equal to > greater than

< less than => or >= greater than or

=< or <= less than or equal to equal to

> < or < > not equal to

Depending upon the result of the comparison, control of program

execution may be directed to another part of the program. Rela-

tional operators are used in conjunction with the IF-THEN state-

ment which is discussed in the next section.

The meaning of the (=) sign should be clarified. In algebraic

notation, the formula X=X+1 is meaningless. However, in

OS/8 BASIC (and most computer languages), the equal sign

designates replacement rather than equality. Thus, this formula is

actually translated "add one to the current value of X and store

the new result back in the same variable X." Whatever value has

previously been assigned to X will be combined with the value 1

.

An expression such as A=B+C instructs the computer to add the
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values of B and C and store the result in a third variable A. The

variable A is not being evaluated in terms of any previously as-

signed value, but only in terms of B and C. Therefore, if A has

been assigned any value prior to its use in this statement, the old

value is lost; it is instead replaced by the value of B+C.

RULES FOR EXPONENTIATION
The following rules apply in evaluating the expression AfB.

Rule
\

1. If B=0, then AtB=l
2. If A=OandB>0,thenAtB=0
3. If A=0 and B<0, then A t B=0

and a DV error message is printed

(See Appendix C)

4. If B is an integer >9, then

AtB=Ai*A2*A3 • • • *An , where n=B

5. If B is an integer <0 then

AtB=l/(Ax*A2*A3 ...*An),

where n=B
6. If B is a decimal (non-integer)

andA>0, thenAfB=
EXP(3*LOG(A))

7. If B is a positive or negative

decimal (non-integer) and A<0,
program halts due to fatal error

Example

3t0=l
Of 2=0

Of -2=0

3 1 5=3*3*3*3*3=243

3 1 -5=1/243

2t3.6=eBlnA=
e3.61n2

-3 1 2.6 is illegal.

Fatal error message

EM printed.

OS/8 BASIC STATEMENTS
The following Example Program is included at this point as an

illustration of the format of an OS/ 8 BASIC program, the ease in

running it, and the type of output that may be produced. This

program and its results are for the most part self-explanatory. Fol-

lowing sections cover the program statements and system com-

mands used in OS/ 8 BASIC programming.
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10 REM - PROGRAM TO TAKE AVE
15 REM - STUDENT GRADES AND
20 PRINT "HOW MANY STUDENTS,
30 INPUT A, B

40 LET 1=0
50 FOR J = I TO A- 1

55 LET V=0
60 PRINT "STUDENT NUMBER = ".

75 PRINT "ENTER GRADES-
76 LET D=J
80 FOR K = D TO D-KB-1)
81 INPUT G
,82 LET V=V+G
85 NEXT K
90 LET V=V/B
95 PRINT "AVERAGE GRADE -"JV
96 PRINT
99 LET Q=Q+V
100 NEXT J
101 PRINT
102 PRINT
103 PRINT "CLASS AVERAGE ="iO
104 STOP
140 END

RAGE OF
CLASS GRADES
HOW MANY GRADES PER STUDENT

Jj

READY
RUNNH
HOW MANY STUDENTS* HOW MANY GRADES PER STUDENT ?5, 4
STUDENT NUMBER =

ENTER GRADES
?78
?8 6

?88
?74
AVERAGE GRADE -81.5

STUDENT NUMBER i

ENTER GRADES
?59
?8 6

?70
?87
AVERAGE GRADE - 7 5. 5

STUDENT NUMBER = 2

ENTER GRADES
?58
?64
?7 5

?8

AVERAGE GRADE - 69.25

STUDENT NUMBER = 3

ENTER GRADES
?88
?92
?8 5

?79
AVERAGE GRADE - 86
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STUDENT NUMBER = A

ENTER GRADES
?60
?78
?8 5

?8

AVERAGE GRADE - 7 5.75

CLASS AVERAGE = 77.6

READY

Statement Numbers

A program is made up of statements. Each line of the program

begins with a line number of 1 to 5 digits that serves to identify

the line as a statement. The largest allowable line number is 99999.

Line numbers serve to specify the order in which these statements

are to be performed. Before the program is run, OS/ 8 BASIC sorts

out and edits the program, putting the statements into the order

specified by their line numbers; thus, the program statements can

be typed in any order, as long as each statement is prefixed with a

line number indicating its proper sequence in the order of execu-

tion. Each statement starts after its line number with an English

word (except the LET statement where LET is optional) which

denotes the type of statement. Unlike program statements, system

commands are not preceded by line numbers and; are executed

immediately after they are typed in. Spaces have no significance

in BASIC programs or commands, except in messages or literal

strings which are printed out, and in line numbers. Thus, spaces

may, but need not be, used to modify a program and make it more

readable.

A common programming practice is to number lines by fives or

tens, so that additional lines may be inserted in a program without

the necessity of renumbering lines already present. Renumbering

a program can be accomplished by using the RESEQ program

described in the section entitled EDITING AND CONTROL
COMMANDS.
Multiple statements may be placed on a single line by separating

each statement from the preceding statement with a backslash

(SHIFT/L on some terminals). For example:

10 A=5\B=.2\C=3\PRINT "ENTER DATA"
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AH of the statements in line 10 will be executed before BASIC
continues to the next line. Only one statement number at the be-

ginning of the entire line is necessary. However, it should be re-

membered that program control cannot be transferred to a state-

ment within a line, only to the first statement of the line in which

it is contained.

REMARK—The Commenting Statement

The REM or REMARK statement allows the programmer to

insert comments or remarks into a program without these com-
ments affecting execution. The OS/8 BASIC compiler ignores

everything between REM and" the end of the line. The form is:

(line number) REM (message)

In the Example Program, lines 10 and 15 are REMARK state-

ments describing what the program does. It is often useful to put

the name of the program and information relating to its use at the

beginning where it is available for future reference. Remarks
throughout the body of a long program will help subsequent de-

bugging by explaining the purpose of each statement within the

program.

Statements For Terminating* A Pro°ram

END
The END statement (line 140 in the Example Program) should

be the last statement of the entire program. The form is:

(line number) END

STOP
The STOP statement is used synonymously with the END state-

ment to terminate execution; but while END occurs only once at

the end of a program, STOP may occur any number of times. The

format of the STOP statement is:

(line number) STOP

This statement signals that execution is to be terminated at that

point in the program where it is encountered.
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LET—The Assignment Statement

The Assignment (LET) statement is probably the most com-

monly used OS/8 BASIC statement and is used whenever a value

is to be assigned to a variable. It is of the form:

(line number) LET x= expression

where x represents a variable, and the expression is either a num-

ber, another variable, or an arithmetic expression. The word "LET"

is optional; thus the following statements are treated the same:

100LETA=Af B+10 110LETL=L+1
100A=AtB+10 .

110L=L+1

The LET statement is not strictly an equality. LET means "eval-

uate the expression to the right of the equal sign and assign this

value to the variable on the left." Thus, the statement L=L+1
means "set L equal to a value one greater than it was before."

Input/Output Statements and Functions

Input/output statements allow the user to bring data into a

program and output results or data at any time during execution.

THE INPUT STATEMENT

The INPUT statement is used when data is to be supplied by

the user from the terminal keyboard while a program is executing

and is of the form:

(line number) INPUT xl, x2, . . . , xn

where xl through xn represent variable names. For example:

25 INPUT A

This statement will cause the program to pause during execution,

print a question mark on the terminal console, and wait for the

user to type in a numerical value.

The following rules apply to the use of the INPUT statement.

Rule

1. The following characters are recognized as acceptable when

inputting numeric data:

+ or — sign

digits through 9
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the letter E
leading spaces (ignored)

. (first decimal point)

All other characters are treated as delimiters for separating

numeric data.

10 INPUT A, B, C, D, E

RUNNH
?10,32A16,8 1

READY

In the above example, A=10, B=32, C=16, D=8, and E=l.
2. When inputting numeric data, two delimiters read in succes-

sion imply that the data between the delimiters is 0.

10 INPUT A, B, C, D,E

RUNNH
?b, 10, , \2» i 5

READY

In the above example A=5, B=10, C=0, D=12, and E=15.
3. In response to an INPUT statement the user can provide

more data than is requested by the INPUT statement. The
remaining or unused data is saved for subsequent use by the

next INPUT statement. The question mark (?) is not printed

until the program is out of data.

4. When inputting string data, all characters are recognized as

part of the string. See ALPHANUMERIC INFORMATION
(Strings) for further information relating to strings.

THE PRINT STATEMENT
General

The PRINT statement is used to output results of computations,
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comments, values of variables, or plot points of a graph on a

terminal. The format is:

(line number) PRINT expression

When used without an expression, a blank line will be output on the

terminal. For more complicated uses, the type of expression and the

type of format control characters (comma or semicolon) following

the word PRINT determines which formats will be created.

In order to have the computer print out the results of a computa-

tion, or the value of a variable at any point in the program, the user

type's the line number, PRINT, and the variable name(s) separated

by a format control character, in this case, commas:

5 A=16 B=5 C=4
10 PRINT A, C+B, SQR(A)
15 END

The PRINT statement may also be used to output a message or line

of text. The desired message is simply placed in quotation marks in

the PRINT statement as follows

:

10 PRINT "THIS IS A TEST"

When line 10 is encountered during execution, the following will be

printed:

THIS IS A TEST

A message may be combined with the result of a calculation or a

variable as follows:

80 PRINT "AMOUNT PER PAYMENT=";R

Assuming R=344.961 when line 80 is encountered during execu-

tion, this will be output as:

AMOUNT PER PAYMENT = 344.961

The PRINT statement can also cause a constant to be printed on

the console. For example:

10 PRINT 1.234, SQR( 10014)

will cause the following to be output at execution time:

1.234 100.07
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Any algebraic expression in a PRINT statement will be evaluated

using the current value of the variables. Numbers will be printed

according to the format specified in the section entitled PRINTING
NUMBERS.

Format Control Characters

In OS/ 8 BASIC, a terminal line is formatted into five fixed zones

(called print zones) of 14 columns each. A program such as:

5 A=2.3\B=21\C=156.75\D=1.134\E=23.4
10 PRINT A,B,C,D,E

15 END

where the control character comma (,) is used to separate the vari-

ables in the PRINT statement, will cause the values of the variables

to be printed using all five zones.

RUNNH
'2-3 21 156.7b 1.134 23. A

READY

It is not necessary to use the standard five zone format for output.

The control character semicolon (;) causes the text or data to be
output immediately after the last character printed.

The following example program illustrates the use of the control

characters in PRINT statements.

5 READ A, BjC
10 PRINT A, B,C,At 2, Bt 2, Ct 2
15 PRINT
20 PRINT A; B; Ci At 2} Bt 2; Ct 2
25 DATA A, 5, 6

30 END
RUNNH
A 5 6 16 25
36

4 5 6 16 25 36

READY
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As this example illustrates, when more than five variables are listed

in the PRINT statement, OS/ 8 BASIC automatically, moves the

sixth number to the beginning of the next line.

Printing Numbers

For any format (integer, decimal, or E-type) OS/ 8 BASIC prints

numbers in the form : -

sign number space

where sign is either minus (— ) or blank (for plus) and a blank

space always trails the number.

10 A=64\B=-32\C=72 •

20 PRINT A; B; C

21 END

READY .

-

RUNNH
64 -32 7 2

READY

PRINT Used With INPUT
Another use of the PRINT statement is to combine it with an

INPUT statement so as to identify the data expected to be entered.

As an example, consider the following program:

10 REM - PROGRAM TO COMPUTE -INTEREST PAYMENTS
20 PRINT "INTEREST IN PERCENT"!
25 INPUT J
26 LET J=J/100
30 PRINT "AMOUNT OF LOAN";
35 INPUT A
40 PRINT "NUMBER OF YEARS";
45 INPUT N
50 PRINT "NUMBER OF PAYMENTS PER YEAR";
55 INPUT M
60 LET N=N*M
65 LET I=J/M
70 LET B= 1 + 1

7 5 LET R=A*I /( 1- 1 /BtN)
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78 PRINT
8 PRINT "AMOUNT PER PAYMENT ="}R
85 PRINT "TOTAL INTEREST ="}R*.N-fl
88 PRINT
90 LET B= A
9 5 PRINT " INTEREST APP TO PHI N BALANCE"
100 LET L=B*I
1 10 LET P=R-L
120 LET B=B-P
130 PRINT L,P,B
140 IF B> = R GO TO 100
150 PRINT B*I,R-B*I
160 PRINT "LAST PAYMENT "JB+I + B
200 END

READY
RUNNH
INTEREST IN PERCENT79
AMOUNT OF LOAN 72500
NUMBER OF YEARS72
NUMBER OF PAYMENTS PER YEAR74

AMOUNT PER PAYi*

TOTAL INTEREST

INTEREST
56.25
49 . 7 539
A3- 1 1 1 6

36. 3199
29 . 37 54

22.2746
15. 0141
7 . 59 1 5

LAST PAYMENT 344.9 3

READY

ENT = 344..965
= 259..724

APP TO PRIN BALANCE
288. 715 22 1 1.28
29 5..212 19 16. 07
301

,

854 ! 6 ! 4; 22
308..6^5 1305. 57
01c 59 989.982
322. 69 1 667.29 1

329. 951 337. 34
337. 37 5

As can be noticed in this example, the question mark is gram-

matically useful in a program in which several values are to be input

by allowing the programmer to formulate a verbal question which

the input value will answer.
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THE TAB(X) FUNCTION
The TAB function, which may only be used in a PRINT state-

ment, allows the user to position the printing of characters anywhere

on the terminal line (or other printing device line when used with

PRINT#). Print positions can be thought of as being numbered

from 1 to 72 across the Teletype from left to right. The form of this

function is:

TAB(X).

where the argument X represents the position (from 1 to 72 col-

umns available on the terminal) in which the next character will be

typed.

Each time the TAB function is used in a PRINT statement, posi-

tions are counted from the beginning of the line, not from the cur-

rent position of the printing head. For example, the TAB function

in the following program causes the character "/" to be printed at

24 equally spaced positions along the line.

10 FOR K=3 TO 72 STEP 3

20 PRINT TAB (K);"/";

30 NEXT K
40 END

If the argument X in the TAB function is less than the current posi-

tion of the printing head, printing is started at the current position.

If the argument X is greater than 72 (the number of columns avail-

able in an output line), a carriage return-line feed is executed and

printing resumes at position 1

.

THE PNT(X) FUNCTION
OS/8 BASIC provides an additional function, PNT(X), to in-

crease input/output flexibility. The function is primarily used for

outputting non-printing characters such as the "bell", but can be

used for more sophisticated applications. The PNT(X) function,

like the TAB(X) function, may only be used in either a PRINT or

PRINT# statement. The form of the function is:

PNT(X)

where the argument X represents the decimal value of the 7-bit

ASCII character to be output. For example, the statement:
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10 PRINT "X=";3.14159;PNT(13);TAB(14);'7"

will print the slash (/) on top of the equal sign after executing a

carriage return (CR=13 10 ) and a TAB to column 2 as shown

below:

X£l_j3. 14159^

Notice that a TAB(14) is required since OS/8 BASIC remembers

the print head to be at column 12 after the carriage return (11 col-

umns for X= L_|3.14159 L_j and 1 column for the PNT function). A
tab to column 2 after the carriage return provides a total of 14

columns. The PNT(13) carriage return does not zero the column

count but, in fact, adds to the column count. (This example may
not work on some terminals.)

The READ and DATA Statements

READ and DATA statements are used to provide data to a

program. One statement is never used without the other. The form

of the READ statement is:

(line number) READ xl,x2 , . . . ,xn

where xl through xn represent variable names. For example:

10 READ A,B,C

A, B, and C are variables to which values will be assigned. Vari-

ables in a READ statement must be separated by commas. READ
statements are generally placed at the beginning of a program, but

must at least logically occur before that point in the program where

the value is required for some computation.

Values which will be assigned to the variables in a READ state-

ment are supplied in a DATA statement of the form:

(line number) DATA xl,x2 . . . ,xn

where xl through xn represent values. The values must be sepa-

rated by commas and occur in the same order as the variables

which are listed in the corresponding READ statement. A DATA
statement appropriate for the preceding READ statement is:

70 DATA 1,2,3

Thus, at execution time A=l, B=2, and C=3.
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The. DATA statement is usually placed at the end of a program

(before the END statement) where it is easily accessible to the

programmer should he wish to change the values.

A READ statement may have more or fewer variables than

there are values in any one DATA statement. The READ state-

ment causes OS/8 BASIC to search all available DATA state-

ments in the order of their line numbers until values are found for

each variable in the READ. A second READ statement will begin

reading values where the first stopped. If at some point in the

program an attempt is made to read data which is not present,

OS/8 BASIC will stop and print the following message at the

console:

DA AT LINE YYYYY

where YYYYY indicates the line which caused the error.

RESTORE
If it is desired to use the same data more than once in a pro-

gram, the RESTORE statement will make it possible to recycle

through the DATA list beginning with the first DATA statement.

The RESTORE statement is of the form:

(line number) RESTORE

An example of its use follows:

15READB,C,D

55 RESTORE
60 READ E,F,G

80 DATA 6,3,4,7,9,2

100 END
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The READ statements in lines 15 and 60 will both read the first

three data values provided in line 80. (If the RESTORE statement

had not been inserted before line 60, then the second READ would

pick up data in Jine 80 starting with the fourth value.)

The programmer may use the same variable names the second

time through the data or not, as he chooses, since the values are

being read as though for the first time. In order to skip unwanted

values, the programmer may insert replacement, or dummy vari-

ables. Consider:

1 REM - PROGRAM TO ILLUSTRATE USE OF RES'

20 READ N
25 PRINT "VALUES OF X ARE: "

30 FOR 1=1 TO N
40 READ X

50 PRINT X,

60 NEXT I ,

7 RESTORE
80 READ M
185 PRINT »

19 PRINT "SECOND LIST OF X VALUES"
200 PRINT "FOLLOWING RESTORE STATEMENT: "

210 FOR 1 = 1 TO N

220 READ X
230 PRINT X,

240 NEXT I

250 DATA As ! « 2
251 DATA 3, 4

300 END

READY
RUNNH
VALUES OF X ARE:

1 2

SECOND LIST OF X VALUES
FOLLOWING RESTORE STATEMENT:

1 2

READY
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The second time the data values are read, the first X picks up the

value originally assigned to N in line 20, and as a result, OS/

8

BASIC prints:

To circumvent this, the programmer could insert a dummy variable

which would pick up and store the first value, but would not be

represented in the PRINT statement, in which case the output

would be the same each time through the list.

Control Statements

Certain control statements cause the execution of a program to

jump to a different line either unconditionally or depending upon

some condition within the program. The following statements give

the programmer capabilities in this area.

GOTO
The GOTO (or GO TO) statement is an unconditional statement

used to^ direct program control either forward or backward in a

program. The form of the GOTO statement is:

(line number). GOTO n

where n represents a statement number. When the logic of the

program reaches the GOTO statement, the statement(s) immedi-

ately following will not be executed; instead execution is trans-

ferred to the statement beginning with the line number indicated.

- The following program never ends; it does a READ, prints

something, and jumps back to the READ via a GOTO statement.

It attempts to do this over and over until it runs out of data, which

is sometimes an acceptable, though not advisable, way to end a

program.

10 REM - PROGRAM ENDING WITH ERROR
11 REM - MESSAGE WHEN OUT OF DATA
20 READ X
25 PRINT "X=";X, "Xt2="iXt2
30 GO TO 20
35 DATA 1*5, 10, 15,20,25
40 END
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READY
RUMNH
X= 1

Xt 2= 1

X= 5 Xt 2= 25

X= 10 XT 2= 100

X= 15 Xt 2= 225

X= 20 X*2= 400

X= 25 Xt 2 = 625

DA AT LIME 00020

READY

IF-THEN and IF-GOTO
If a program requires that two values be compared at some

point, control of program execution may be directed to different

procedures depending upon the result of the comparison. In com-

puting, values are logically tested to see whether they are equal,

greater than, less than another value, or possibly a combination of

the three. This is accomplished by use of the relational operators.

IF-THEN and IF-GOTO statements allow the programmer to

test the relationship between two variables, numbers, or expres-

sions. Providing the relationship described in the IF statement is

true at the point it is tested, control will transfer to the line num-

bers specified. If the relationship described in the IF statement is

not true at me pomi u is lcmcu, wuuui win uaiuiti ^ v*»~ "**~

following the IF statement. The statements are of the form:

( GOTO
dine number) IF vl <relation>v2 1 or

( THEN

where vl and v2 represent variable names, numbers, or expres-

sions, and x represents a line number. The use of either THEN or

GOTO is acceptable.

In the following example, the value of the variable A is changed

or remains the same depending on A's relation to B.

100 IF A>B THEN 120

110 A=Af B-l

120C=A/D
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When using non-integer arithmetic in the IF-THEN statement,

the test for zero may not always be appropriate due to the nature of

the floating-point arithmetic used by the computer. To avoid this

problem, the programmer should either avoid using non-integer

arithmetic in the IF-THEN statement, or test for fractional values

less than the tolerance desired and set the value to zero.

IF-THEN statements that test the running variable in FOR-

NEXT loops (see the next section) are particularly sensitive to this

problem. For example;

10 FOR A=-5 TO 5 STEP .1

20 IF A=0 THEN 50

30 NEXT A
40 STOP
50 PRINT "EQUAL TO ZERO"
60 END

The above program will never go to line 5.0.

LOOPS
Frequently programmers are interested in writing a program in

which one or more portions are executed a number of times,

usually with slight variations each time. To write the simplest pro-

gram in which the portion of the program to be repeated is written

just once, a loop is used. A loop is a block of instructions that the

computer executes repeatedly until a specified terminal condition

is met. BASIC provides two statements to specify a loop: FOR and

NEXT.

FOR and NEXT Statements

The FOR statement is of the form:

(line number) FOR v=xl TO x2 STEP x3

where v represents a variable name, and xl , x2, and x3 all represent

expressions (a numerical value, variable name, or mathematical ex-

pression), v is termed the index, xl the initial value, x2 the terminal

value, and x3 the incremental value. For example:

15 FOR K=2 TO 20 STEP 2

This means that the loop will be repeated as long as K is less than

or equal to 20. Each time through the loop, K is incremented by 2,

so the loop will be repeated a total of 10 times.
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A variable used as an index in a FOR statement must not be

subscripted, although a common use of loops is to deal with sub-

scripted variables, using the value of the index as the subscript of

a previously defined variable (this is illustrated in the section con-

cerning Subscripted Variables).

The NEXT statement is of the form:

(line number) NEXT v

and signals the end of the loop. When execution of the loop reaches

the NEXT statement, the computer adds the STEP value to the

index and checks to see if the index is less than or equal to the

terminal value. If so, the loop is executed again. If the value of the

index exceeds the terminal value, control falls through the loop to

the statement following the NEXT statement, with the value of the

index equaling the value it was assigned the final time through the

loop.

If the STEP value is omitted, a value of +1 is assumed. Since

+ 1 is the usual STEP value, that portion of the statement is

frequently omitted. The STEP value may also be a negative num-

ber.

The following example illustrates the use of loops. This loop is

executed 10 times: the value of I is 10 when control leaves the

loop. +1 is the assumed STEP value.

READY
10 FOR 1=1 TO 10

20 NEXT I

30 PRINT I

40 END
RUNNH
10

READY

If line 10 had been:

10 FOR 1=10 TO 1 STEP - 1

the value printed by the computer would be 1

.
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As indicated earlier, the numbers used in the FOR statement

are expressions; these expressions are evaluated upon first encoun-

tering the loop. While the index, initial, terminal, and STEP values

may be changed within the loop, the value assigned to the initial

expression remains as originally defined until the terminal condi-

tion is reached. To illustrate this point, consider the last example

program. The value of I (in line 10) can be successfully changed as

follows:

10 FOR 1=1 TO 10

15 LET 1=10

20 NEXT I

The loop will only be executed once since the value 10 has been

reached by the variable I and the terminal condition is satisfied.

If the value of the counter variable is originally set equal to the

terminal value, the loop wjll execute once, regardless of the STEP

value. If the starting value is beyond the terminal value, the loop

will never execute because an initial check is made of the starting

and terminal values before the loop is executed. The following

statement is executed but the loop it describes would never be

executed:

10 FOR 1=10 TO 20 STEP -2

It is possible to exit from a FOR-NEXT loop without the index

reaching the terminal value via an IF statement. Control may only

transfer into a loop which has been left earlier without being com-

pleted, ensuring that the terminal and STEP values are assigned.

Nesting Loops

It is often useful to have one or more loops within a loop. This

technique is called nesting, .and is allowed as long as the field of

one loop (the numbered lines from the FOR statement to the corre-

sponding NEXT statement, inclusive) does not cross the field of

another loop. A diagram is the best way to illustrate acceptable

nesting procedures:

ACCEPTABLE NESTING UNACCEPTABLE NESTING
TECHNIQUES TECHNIQUES

Two Level Nesting

r- FOR "FOR
rFOR
Lnext

"~

FOR
-NEXT

rFOR
Lnext

_ NEXT "

L next
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ACCEPTABLE NESTING
TECHNIQUES

Three Level Nesting

FOR
r- FOR
rFOR
Lnext
rFOR
Lnext
NEXT
NEXT

UNACCEPTABLE NESTING
TECHNIQUES

FOR
r- FOR
rFOR
Lnext
for
NEXT

v_ NEXT
L NEXT

LISTS AND TABLES
Subscripted Variables

In addition to single variable names, OS/8 BASIC accepts

another class of variables called subscripted variables. Subscripted

variables provide the programmer with additional computing

capabilities for handling lists, tables, matrices, or any set of related

variables. Variables are allowed one or two subscripts. A single

letter or a letter followed by a digit forms the name of the variable;

this is followed by one or two integers in parentheses and separated

by commas, indicating the place of that variable in the list. Up to

31 arrays are possible in any program, subject only to the amount

of core space available for data storage. For example, a list might

be described as A(I) where I goes from 1 to 5, as follows:

A(1),A(2),A(3),A(4),A(5) ~

This allows the programmer to reference each of the five elements-

in the list A. A two dimensional matrix A(I,J) can be defined in a

similar manner, but the subscripted variable A can only be used

once (i.e., A(I) and A(I,J) cannot be used in the same program). It

is possible, however, to use the same variable name as both a sub-

scripted and an unsubscripted variable. Both A and A(I) are valid

variable names and can be used in the same program.

Subscripted variables allow data to be input quickly and easily,

as illustrated in the following program (the index of the FOR
statement in lines 20, 42, and 44 is used as the subscript):
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42 FOR 1= 1 TO 2

LIST

BAS16 BA 3.0 18-MAR-74

10 REM - PROGRAM DEMONSTRATING READING
11 REM - OF SUBSCRIPTED VARIABLES
15 DIM AC 5),BC2,3>
16 PRINT *'A(I) WHERE A= 1 TO 5)"
20 FOR 1=1 TO 5

2 5 READ AC I)

30 PRINT Ad)}
35 NEXT I

38 PRINT
39 PRINT
40 PRINT "B(I>J> WHERE 1=1 TO 2: "

41 PRINT " AND J= 1 TO 3:"
42 FOR 1 = 1 TO 2
43 PRINT
44 FOR J=l TO 3

48 READ BCI,J)
50 PRINT BCI, J)J

,

55 NEXT J
56 NEXT I

60 DATA 1,2*3*4,5,6,7,8
61 DATA 8,7,6, 5, 4,3,2, 1

65 END

READY
RUNNH
AC I) WHERE A= 1 TO 5;

12 3 4 5

i

BCI,J) WHERE 1= 1 TO 2:

AND J= 1 TO 3:

6 7s-
8 7 6

READY

The DIM Statement

From the preceding example, it can be seen that the use of

subscripts requires a dimension (DIM) statement to define the

maximum number of elements in the array. The DIM statement is

of the form:

(line number) DIM .Vi(n-i), v2(n2,m2)

where v indicates an array variable name and n and m are integer

numbers indicating the largest subscript value required during the

program. For example:

15DIMA(6,10)
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The first element of every array is automatically assumed to have

a subscript of zero. Dimensioning A(6, 10) sets up room for an

array with 7 rows and 1 1 columns. This matrix can be thought of

as existing in the following form:

Ao,o Ao,i . . . Ao,io

Ai,o Ai,i . . . Ai,io

A2,0 A2,l . . . A2,10

Aco Ae,i . . . Agjio

and is illustrated in the following program:

10 REM - MATRIX CHECK PROGRAM
15 DIM AC 6, 1 0)

20 FOP 1 = TOi 6

22 LET ACI,0> = 1

25 FOR J = TO> 10
28 LET A(0,J) = J
30 PRINT AC I, J)J
35 NEXT" J
40 PRINT
45 NEXT I

50 END

READY
RUNNH

1 2 3 'i 5 A 7 Q
*

j'g.

1

2
3

4
5

6

READY

Notice that a variable assumes a value of zero until another

value has been assigned. If the user wishes to conserve core space

by not making use of the extra variables set up within the array, he

should set his DIM statement to one less than necessary, DIM
A(5,9). This results in a 6 by 10 array which may then be refer-

enced beginning with the A(0,0) element.

More than one array can be defined in a single DIM statement:

10 DIM A(20), B(4,7)

This dimensions both the list A and the matrix B.
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A number must be used to define the maximum size of the array.

A variable inside the parentheses is not acceptable and will result

in an error message by BASIC at compile time. The amount of

user core not filled by the program will determine the amount of

data the computer can accept as input to the program at any one

time. In some programs a TB error (too big) may occur, indicating

that core will not hold an array of the size requested. In that event,

the user should change his program to process part of the data in

one run and the rest later. .

NOTE
If a subscripted variable is not defined by

a DIM statement, the variable is assigned an

array size of ten.

OS/8 BASIC FUNCTIONS AND SUBROUTINES
General Information On OS/8 BASIC Functions

OS/8 BASIC- provides a number of functions, as part -of the

language, which perform- calculations. The use of these functions

eliminates the need for writing small programs to perform the

calculations. Functions have a three letter call name, followed by

an argument, X, which can be a number, variable, expression or

another function. Generally, functions may be used anywhere a

number or a variable is legal in a mathematical expression.

The following OS/8 BASIC functions are discussed in this chapter.

Function Meaning

SIN(X) Sine of X (X is expressed in radians)

COS(X) Cosine of X (X is expressed in radians)

ATN(X) Arctangent of X (result expressed in radians)

EXP(X) e*(e=2.718282)

LOG(X) Natural log of X (logeX)

RND(X) Random number

ABS(X) Absolute value ofX (|X|)

INT(X) Integer value of X
SGN(X) Sign of X— assign a value of +1 if X is positive,

if X is zero, or — 1 if X is negative

SQR(X) Square root of X (X)

FNA(X) User-defined function

TRC(X) Trace function — Used for debugging OS/8
BASIC programs.
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In addition, there are a number of other functions provided by
OS/8 BASIC, which include printing functions and string handling

functions.

Function

PNT(X)|
TAB(X)/
LEN(X$)
ASC(X)
CHR$(X)
VAL(X)
STR$(X)

POS(X$,Y$,Z)

SEG$(X$,Y
;
Z)

DAT$(X)

Printing functions

String handling functions

Arithmetic Functions

THE RANDOM NUMBER FUNCTION — RND(X)
The RND(X) function produces pseudo-random numbers be-

tween and 1 . The argument X is a dummy argument and can be

any number.

If the user wants the first 20 random numbers, he can write the

rvmrrrom chmim t\e*ir\nrUtAi tyA nat OH civ_Hirri+ rlpr-itncilc

10 FOR L=l TO 20
20 PRINT RND(X),
30 NEXT L
40 END

READY
RUNNH
0.36157 2 0.3327 64 0. 633057 0.350342 0. 67 0166
0.53979 5 0.8 479 0. 026123 0. 54126 0. 934326
0. 125244 0. 389404 0. 97 48 53 0. 516357 0. 465088
0.440186 0.97 09 47 0. 28 5889 0.867432 0. 178467

READY

A second RUN gives exactly the same sequence of numbers as the

first RUN; this is done to facilitate the debugging of programs.

If the user wants 20 random one-digit integers, he can change line

20 to read as follows:
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20 PRINT INK 10*RND (X))*
RUNNH

The results will be as follows:

3 3 6 3
5 8 5

1 3 9 5

A 9 2 8

6

9

A

1

READY

To vary the type of random numbers (20 random numbers ranging

from 1 to 9, inclusive), the user can change line 20 as follows:

20 PRINT INT<9*RNDCX>+1>;

To obtain random numbers which are integers from 5 to 24,

inclusive, the user can change line 20 to the following:

20 PRINT INT(20*RND <X> + 5>;

If random numbers are to be chosen from the A integers of which

B is the smallest, the user can call for INT(A*RND(X)+B).

The RANDOMIZE Statement

As noted in the example program, the same numbers in the same

order resulted both times the program was run. However, a differ-

ent set will be produced with the RANDOMIZE statement, as in

the following program:

5 RANDOMIZE
10 FOR L= 1 TO 20
20 PRINT INT( 10*RND(X>) i

30 NEXT L
40 END

READY
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RUNNH
7 002773257003 016067

READY
RUNNH14657606229471211306
READY

RANDOMIZE resets the numbers based on elapsed time spent

waiting for terminal I/O. For example, if RANDOMIZE appears

after a PRINT or INPUT instruction but before a statement with

the RND (X) function, then repeated RUNs of the program pro-

duce different results. If the instruction is absent, then the official

list of random numbers is obtained in the usual order. It is sug-

gested that a simulated model should be debugged without this

instruction so that one always obtains the same random numbers

in test runs. After the program is debugged, and before starting

production runs, the user inserts the following:

(line number) RANDOMIZE

at the appropriate place in the program.

THE SIGN FUNCTION — SGN (X)

The SGN function is one which assigns the value 1 if the argu-

ment is any positive number, if zero, and — 1 if any negative num-
ber. Thus, SGN (7.23) = 1, SGN (0) = 0, and SGN (-.2387) =1.

For example, the following statement:

25 LET X=SQR (A 1 2+2*B*C> *SGN (A)

assigns the sign of X to the sign of A.
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THE INTEGER FUNCTION— INT (X)

The integer function returns the value of the nearest integer not

greater than X. For example, INT (34.67) = 34. By specifying

INT (X+.5) the INT function can be used to round numbers to

the nearest integer; thus, INT (34.67+.5) = 35. INT can also be

used to round numbers to any given decimal place by specifying:

INT(X*10tD+.5)/10tD

where D is the number of decimal places desired. The following

program illustrates this function; execution has been stopped by

typing a CTRL/C:

10 REM - INT FUNCTION EXAMPLE
20 PRINT "NUMBER TO BE ROUNDED";
30 INPUT A
40 PRINT "NO. OF DECIMAL PLACES:";
50 INPUT D
60 LET B== INT( A* 10tD+. 5)/10tD
70 PRINT "A ROUNDED =";B
80 GO TO 20
9 END

READY
RUNNH ..

NUMBER TO BE R0UNDED?55. 65342
NO. OF DECIMAL PLACES: ?2
A ROUNDED = 55. 65

NUMBER TO BE ROUNDED 71 8 . 37 5

NO. OF DECIMAL PLACES: ?-2

A ROUNDED = 100
NUMBER TO BE R0UNDED?67 .89
NO. OF DECIMAL PLACES: ?-

1

A ROUNDED = 70
NUMBER TO BE ROUNDED?tC
READY

If the argument is a negative number, the value returned is the

largest negative integer (rounded to the higher' value) contained

in the number. For example, INT (-23) =-23 but INT (-14.39)

=-15.

THE ABSOLUTE VALUE FUNCTION — ABS (X)

The absolute value function is used to obtain the absolute

(positive) value of an expression. For example:
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5 PRINT ABSC-66)
10 END

READY
RUNNH
66

READY

THE SQUARE ROOT FUNCTION— SQR (X)

The square root function is used to compute the square root of

an expression. For example:

5 LET B=4\A=2.S\C=.5
10 PRINT SORC Bt2-4*A*C>
20 END
RUNNH
3.31662

READY

If the argument of the SQR (X) function is <0, the absolute value

of the argument is used.

Transcendental Functions

THE SINE FUNCTION— SIN (X)

The sine function is used to calculate the sine of an angle spec-

ified in radians. For example:

5 REM - CALCULATE SINE 30 DEGREES
10 LET P= 3. 14159
20 PRINT SINC30*P/180)
25 END
RUNNH
0. 5

READY

THE COSINE FUNCTION-^-COS(X)
The cosine function is used to calculate the cosine of an angle

specified in radians. For example:

5 REM - CALCULATE THE COSINE OF 45 DEGREES
10 PRINT COSC 45*3. 14159/180)
20 END
RUNNH
0.7 07 108

READY
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THE ARCTAN FUNCTION—ATN(X)
This function calculates the angle (in radians) whose tangent is

given as the argument of the function. For example:

5 REM - CALCULATE ATNC. 57735)
10 PRINT ATNC. 57735)
20 END
RUNNH
0. 523598

READY

THE EXPONENTIAL FUNCTION—EXP(X)
The EXP(X) function calculates the value of e raised to the X

power, where e is equal to 2.7 1 828 . For example:

5 REM - CALCULATE EXPONENTIAL VALUE OF 1 . 5

10 PRINT EX PC 1. 5)

20 END
RUNNH
4.43 169

READY

THE NATURAL LOGARITHM FUNCTION—LOG(X)
The LOG(X) function calculates the natural logarithm of X. For

example:

5 REM - CALCULATE THE LOG OF 959
10 PRINT L0GC959)
20 END
RUNNH
6.86589

READY

User Defined Functions

THE FNA(X) FUNCTION AND THE DEF STATEMENT
In addition to the standard functions OS/8 BASIC provides, the

user may define up to 26 functions of his own with the DEF state-

ment. The name of the defined function must be three letters, the

first two of which are FN, e.g., FNA, FNB, . .
. , FNZ. Each DEF

statement introduces a single function and is of the form:
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(line number) DEF FNA(X)=expression (X)

where A may be any letter and X is a dummy variable, but must be

the same on each side of the equal sign. The DEF statement may
appear anywhere in the program so long as it appears before the

first use of the function it defines. The function itself can be defined

in terms of numbers, several variables, other functions, or mathe-

matical expressions. For example, if the user repeatedly uses the

function e~x2+5, he can introduce the function by the following:

30DEF FNE(X)=EXP(-X 1 2)4-5

and call for various values of the function by FNE(.l), FNE(3.45),

FNE(A+2), etc This statement saves a great deal of time when the

user needs values of the function for a number of different values

of the variable.

The statement:

DEF FNA(S)=Sf 2

will cause the later statement:

20LETR=FNA(4)+1

to be evaluated as R=17.
111c usei-uciiucu iuiiuLiun Citii Dc a j.uuwtivm uj. iiiOac luou uut vojlj.-

able, as shown below:

25 DEF FNL(X,Y,Z,)=SQR(X 1 2+Y f2+Z T 2)

A later statement in a program containing the above function might

appear as follows:

55 LET B=FNL(D,L,R)

where D, L, and R have been definedin the program.

THE UDEF FUNCTION CALL AND THE USE STATEMENT
OS/ 8 BASIC has the capability for adding one or more user-

coded assembly language functions. These user functions may use

four numeric and two string arguments and once properly inter-

faced to OS/8 BASIC, they can be used as any other OS/8 BASIC

function. Complete instructions for writing and interfacing such
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functions are provided later in this chapter. A user-coded function,

if present, is specified in an OS/8 BASIC program as:

(line number) UDEF function name argument)

For example:

10LETR=4
15LETB=6
20LETQ=10
25 UDEF PLT(X,Y,Z)

30 LET D=PLT(R, B,0)

35 PRINT 4*D
40 END

Line 25 introduces the function PLT to OS/8 BASIC and indicates

the number and type of arguments associated with the function. In

line 30 the function is used as any other standard function might be

used in an OS/8 BASIC program. If the function requires the use

of an array, a USE statement identifying the array must precede the

statement that calls the function.

10DIMS(15,5)

20 LET Q=10
22 USE S

25 UDEF PLT(X,Y,Z)

NOTE
A UDEF function name may consist of al-

phabetic characters only and must have at

least one argument (a dummy argument if

necessary).
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The Debugging Function—TRC(X)
The TRC(X) function is used by the programmer to follow the

progress of a program and is, therefore, a useful debugging aid. The
form of this function is:

(line number) vl=TRC(X)

where vl is a dummy variable, X=l turns the function on and X=0
turns the function off. When TRC(l) is encountered in a program,

OS/8 BASIC prints the line number of each line in the program as

it is executed. The line numbers are printed between a pair of per-

cent signs so as to be distinguishable from other material that is

printed by the program. Program execution time is slowed down
considerably to accommodate the function and the extra printing

which it causes. When TRC(O) is encountered by the program the

function is turned off and normal program operation resumes.

The following example shows the effect of using the TRC(X)
function in a program to check the operation of a loop. The same

program with the TRC(X) function removed from the program, is

also shown.

With TRC(X) Function Without TRC(X) Function

5 REM BASIC 5 REM BASIC
6 REM FACTORIAL PROGRAM 6 REM FACTORIAL PROGRAM
10 FOR J= 1 TO '5

10 FOR J=l TO 5

20 GOSUB 60 20 GOSUB 60
30 NEXT J 30 NEXT J
40 STOP 40 STOP
60 LET S=l 60 LET S=l
62 T=TRC( 1) 65 FOR K= 1 TO J
65 FOR K= 1 TO J 7 LET S=S*K
70 LET S=S*K 7 5 NEXT K
7 5 NEXT K 80 PRINT J,S'
77 T=TRC(0) 8 5 RETURN
80 PRINT J,S 9 END
8 5 RETURN
90 END READY

RUNNH
READY 1 1

RUNNH 2 2

% 65 % 3 6

% 70 % 4 24
% 77 %

1

% 65 %

1

5 120

READY
% 70 %

% 70 %

% 77 %
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With TRC(X) Function

2 2

% 65 %

% 70 %

% 70 %"

% 70 %

% 77 %.

3 6
% 65 %

% 7 0. %

% 7 %

% 7 %

% 70 %

% 77 %

4 24
% 65 %

% 7 %

% 70 %

% 70 %

% 70 %

% 70 %

% 77 %

5 120

READY

Subroutines

A subroutine is a part of the program performing some operation

that is required at more than one point in the program. Subroutines

are generally placed physically at the end of a program, usually

before DATA statements, if any, and always before the END state-

ment.

GOSUB AND RETURN
Two statements are used exclusively in OS/ 8 BASIC to handle

subroutines; these are the GOSUB and RETURN statements.

When a program encounters a GOSUB statement of the form:

(line number) GOSUB x

where x represents the first line number of the subroutine, control

then transfers to that line. For example:

50 GOSUB 200

When program execution reaches line 50, control transfers to line

200; the subroutine is processed until execution encounters a
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RETURN statement of the form:

(line number) RETURN

which causes control to return to the statement following the

GOSUB statement. Before transferring to the subroutine, OS/8
BASIC internally records the next statement to be processed after

the GOSUB statement; thus the RETURN statement is a signal to

transfer control to this statement. In this way, no matter how many
different subroutines are called, or how many times they are used,

OS/ 8 BASIC always knows where to go next.

The following program demonstrates a simple subroutine:

1 REM - THIS PROGRAM ILLUSTRATES GOSUB AND RETURN
10 DfcF FNA(X) = ABS<INT<X>>
20 INPUT A, B, C

30 GOSUB 100
40 LET A=FNA<A)
50 LET B=FNA(B)
60 LET C=FNA(C>
70 PRINT
80 GOSUB 100
9 STOP
100 REM - THIS SUBROUTINE PRINTS OUT THE SOLUTIONIS
110 REM - OF THE EQUATION: ACXt 2) + B(X) + C=0
120 PRINT "THE EQUATION rS"JAJ"*Xt2 + "; B; "*X + "; C *

130 LET D=B*B-4*A*C
140 IF D<>0 THEN 170
150 PRINT "ONLY ONE SCLUlI UN. . . X= "; -B/C 2* A)

160 RETURN
170 IF D<0 THEN 200
180 PRINT "TWO SOLUTIONS... X ="t

185 PRINT C-B+SGRCD)) /C2*A>* "AND X= "i ( -B- SGR( D) ) /( 2* A)

190 RETURN
200 PRINT "IMAGINARY SOLUTIONS... X = C "I

205 PRINT -B/C2+A); ">"i SQR(-D) /<2*A>; ") AND C "J

207 PRINT -B/(2*A)i "* "i-SQR(-D)/( 2*A)i ") "

210 RETURN
900 END

READY
RUNNH
?l,.5#-«5
THE EQUATION IS 1 *Xt2 + 0.5 *X + -0.5
TWO SOLUTIONS... X = 0. 5 AND X = -

1

THE EQUATION IS 1 *X*2 + *X + 1

IMAGINARY SOLUTIONS... X = ( , 1 ) AND C 0,-1 )

READY
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Line 100 begins the subroutine. There are several places in which

control may return to the main program, depending upon a certain

condition being satisfied. The subroutine is executed from line 30

and again from line 80. When control returns to line 90, the pro-

gram encounters the STOP statement and execution is terminated.

It is important to remember that subroutines should generally be

kept distinct from the main program. The last statement in the main

program should be a STOP or GOTO statement, and subroutines

are normally placed following this statement.

More than one subroutine may be used in a single program in

which case these can be placed one after another at the end of the

program (in line number sequence). A useful practice is to assign

distinctive line numbers to subroutines. For example, if the main

program is numbered with line numbers up to 199, 200 and 300

could be used as the first numbers of two subroutines.

NESTING SUBROUTINES
Nesting of subroutines occurs when one subroutine calls another

subroutine. If a RETURN statement is encountered during execu-

tion of a subroutine, control returns to the statement following the

GOSUB which called it. From this point, it is possible to transfer

to the beginning or any part of a subroutine, even back to the call-

ing subroutine. Multiple entry points and RETURN statements

make subroutines more versatile.

The maximum level of GOSUB nesting is ten levels, which

should prove more than adequate for all normal uses. Exceeding

this limit results in the message:

GS AT LINE YYYYY
where YYYYY represents the line number where the error oc-

curred. An example of GOSUB nesting follows (execution has been

stopped by typing a CTRL/C, as the program would otherwise

continue in an infinite loop).

10 REM FACTORIAL PROGRAM USING GOSUb TO
15 REM COMPUTE RECURSIVELY THE FACTORS
40 INPUT N
50 IF N>20 THEN 120

60 X=l
70 K=l
80 GOSUB 200
90 PRINT "FACTORIAL"; Ni "= "sx

1 10 GOTO 40
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120 PRINT "MUST BE 20 OR LESS"
130 GOTO 40
200 IF N= 1 THEN 230
210 N=N-

1

220 GOSUB 200
225 N=N+1
227 X=X*N
230 RETURN
240 END

READY
RUNNH
70

FACTORIAL 2=2
?4
FACTORIAL 4 = 24
?5
FACTORIAL 5 = 120
?tC
READY

ALPHANUMERIC INFORMATION (STRINGS)
In previous sections we have dealt only with numerical informa-
tion. However, OS/8 BASIC also processes, or manipulates, al-

phanumeric information called strings. A string is a sequence of

characters, each of which is abetter, a digit, a space, or some
character other than a statement terminator (backslash or carriage

return).

String Conventions

CONSTANTS AND VARIABLES
Strings may appear as constants or variables just as numerics

may. We have already used string constants in PRINT statements.

For example:

100 PRINT "THIS IS A STRING CONSTANT"
where the alphanumerics enclosed in quotes are the string constant.

Naming a string variable is similar to naming a numeric variable.

It consists of a letter followed by a dollar sign ($) or a letter and a

single digit followed by $. A$ and Al$ are both legitimate string

variable names; 2A$ and AA$ are not legitimate string variable

names.

DIMENSIONING STRINGS
OS/8 BASIC assumes that a string length is 8 characters or less

unless a string has been dimensioned in the form:

10DIMA$(I)
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where "I" is the length of string variable A$. "I" cannot exceed 72.

String lists (equivalent to single subscripted numeric variables)

are permitted in OS/8 BASIC and must be dimensioned in the

form:

20DIMA$(K,L)

where K is the number of strings in the list and L is the length of

each string.

When referencing a subscripted string variable in a LET or IF-

THEN statement, for example:

25 LET B$(I) = "YES"

the expression I represents the place of that string variable in the

listB$.

Double subscripted string variables (string tables) are not permitted

in OS/8 BASIC.

INPUTTING STRING DATA
String data may be included in a DATA list but must always be

enclosed by quotation marks. In fact any string written into a pro-

gram must be enclosed by quotation marks to be recognized by the

OS/8 BASIC Compiler.

10 READ A$,B$,C$

20 PRINT C$;B$;A$

25 DATA "NG'V'RFV'ST"

30 END

The program above prints STRING.
Quotation marks may be included in strings by indicating 2 quo-

tation marks in succession. For example the string A"B would

appear in a program as:

10 LET A$ = "A" "B"

Both string data and numeric data may be intermixed in a DATA
list but the burden falls on the programmer to assemble the list in

the correct sequence, since all READ statements for both string and

numeric data remove data serially from the DATA list. If he does

not. the results of the READ statement are unpredictable.

The INPUT statement may also be used for inputting string data

to a program. Quotation marks are not necessary when inputting
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string data in response to the question mark (?) generated by the

INPUT statement unless the quotation marks are deliberately

meant to be part of the string.

330 PRINT "DO YOU WISH TO CONTINUE?'
340 INPUT A$
350 IF A$="YES" THEN 410

360 PRINT "ARE YOU SURE?"
370 INPUT B$
380 IF B$="NO" THEN 410

390 PRINT "PROGRAM STOPPED"
400 STOP
410 PRINT "LET'S CONTINUE"

490 END

Each string literal requested by an INPUT statement must be ter-

minated by a carriage return which acts as the data delimiter. This

is necessary since all characters, except for the carriage return, are

recognized as part of the data string.

10 INPUT AS, B$, C£

RUNNH
?ABCD
?EFGH
?IJ

In the above example A$="ABCD", B$="EFGH" and C$="IJ".
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STRINGS IN LET AND IF-THEN STATEMENTS
Strings may be used in both LET and IF-THEN statements as

already indicated by some of the previous examples. Any of the

relational operators may be used in an IF-THEN statement to com-

pare strings. Strings are compared on the basis of the ASCII nu-

meric value of each character in the string. -
:

When comparing strings in an IF-THEN statement, the relational

operators have the following significance:

Operator Meaning

< earlier in ASCII numeric order than

> later in ASCII numeric order than

=<or<= same ASCII numeric order as or earlier >•

in ASCII numeric order than

= same ASCII numeric order

>< or <> different ASCII numeric order than

=> or >= same ASCII numeric order as or later m
ASCII numeric order than

For example:

10 IF "ABCD"<"ABC@" THEN 50

20 STOP

50 LET A$="ABCD"

Each character in string ABCD is compared, left-to-right, with

the respective character in string ABC@. A, B, and C match but D
and @ do not. The character @ has a lower numeric value than

the character D. Therefore the string ABCD is not earlier in ASCII

numeric sequence than ABC@ and the program stops at line 20.

If the strings in an IF-THEN comparison are of unequal length,

then OS/8 BASIC lengthens the shorter string to make it equal in

length to the longer string by appending an appropriate number of

ASCII space characters. In the following example:
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10 IF "ABCD"<"AB" THEN 50
20 STOP

50 LET A$="ABCD"

string "AB" is treated as "ABlju". Since the character C is earlier

in ASCII numeric order than the character "space," the IF-THEN
statement is true and control is transferred to line 50.

STRING CONCATENATION
Strings can be concatenated by means of the operator ampersand

(&). The ampersand can be used to concatenate string expressions

wherever a string expression is legal, with the exception that infor-

mation cannot be stored by means of a LET statement in concate-

nated string variables. That is, concatenated string variables cannot

appear to the left of the equal sign in a LET statement. For ex-

ample, LET A$=B$&C$ is legal, but LET A$&B$=C$ is not. An
example of string concatenation is:

10READA$,B$,C$
20 PRINT C$&B$&A$
25 DATA "NG," "RI," "ST"

30 END

Running this program causes STRING to be printed.

String Handling Functions

A number of functions have been implemented that perform

manipulations on strings. These functions are LEN, ASC, CHR$,
VAL, STR$, POS, SEG$, and DAT$. Functions that return strings

have names that end in a dollar sign ($); those functions that return

numbers have names that do not end in a dollar sign.

THE LEN FUNCTION
The LEN function returns the number of characters in a string.

It has the form:

LEN(X$)
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Example:

SCRATCH

READY
5 DIM BiC 10)

10 READ AS* B£
20 PRINT LENC ASSBS&"APOUND">
30 DATA "UP* 'VDOWN, AND "

40 EiMD

RUNNH
20

READY

THE ASC AND CHR$ FUNCTIONS
The ASC and CHR$ functions perform conversion from and to

ASCII, respectively. The ASC function converts a one character

string to its ASCII decimal equivalent, and the CHR$ function con-

verts a decimal number to its equivalent ASCII character.

The ASC function has the form:

ASC (argument)

The argument is a one character string. ASC returns the equivalent

ASCII decimal number for the character.

The CHR$ function has the form:

CHR$ (numeric expression)

The value of the numeric expression is truncated to an integer

that is in the range to 63. Integers greater than 63 are treated

modulo 64. That is, they are divided by 64 and the remainder be-

comes the new integer. This integer is then interpreted as an ASCII

decimal number that is converted to its equivalent character (refer

to Appendix A for the ASCII decimal numbers and the equivalent

characters).

An example of the ASC and CHR$ functions follows:

5 FOR T =ASC("A") TO AS.CC "A") + 3

10 PRINT "THIS IS TEST "&CHRSCT)
15 NEXT T

20 END

6-51



This is the beginning of a FOR loop that successively prints:

READY
KUN.NH

THIS IS TEST A
THI S I

S

TEST B
THIS IS TEST C

THIS IS TEST D

READY

THE VAL AND STR$ FUNCTIONS
The VAL and STR$ functions perform conversions from strings

to numbers and numbers to strings. The form of the VAL function

is:

VAL (string expression)

The string expression must look like any number which may be

legally typed in response to an INPUT statement. VAL returns the

actual number that the string represents. The VAL function does

not return the ASCII value of the number that the string represents,

it returns the number. For example, VAL ("25") returns the num-

ber 25. The 25 that is the argument to VAL is a string, the 25

that VAL returns is a number.

Example:

10 INPUT AS>

20 PRINT VALCAS)*2
25 END

READY
RUNNH
72.46111
4.92222

READY
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The STR$ function returns the string representation (as a num-

ber) of its argument. The form of STR$ is:

STR$ (numeric expression)

The string that is returned is in the form in which numbers are out-

put in BASIC. For example, PRINT STR$(1 .761 1 1 124) prints the

string 1.76111.

THE POS FUNCTION
The POS function is of the form:

POS(X$,Y$,Z)

The function returns the location in string X$ of the first occur-

rence of string Y$ starting with Zth character in string X$. For

example:

20 LET X$="MONDAY"
25LETX=POS(X$,"DAY,"l) -

After line 25, X will be equal to 4. The arguments of the POS func-

tion may be constants, variables, or expressions.

The following rules apply in evaluating the POS(X$,Y$,Z) function:

1

.

If Y$ is a null string (no characters) then

POS(X$,Y$,Z)=l

2. If X$ is a null string (no characters) then

POS(X$,Y$
;
Z)=0

3. If Z is less than zero or greater than the actual string length, a

fatal error (PA) is detected and program execution stops

4. If Y$ is not found, then

POS(X$,Y$,Z)=0

THE SEG$ FUNCTION
This function is of the form:

SEG$(X$,Y,Z)

The function returns the substring of X$ which is between posi-

tions Y and Z inclusively. For example:

20 LET X$="MONDAY"
25 LET B=6
30 LET A$=SEG$(X$,2*B/3,B)

After line 30, A$ is equal to "DAY". The arguments of the SEG$

function may be variables, constants, or expressions.
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The following rules apply in evaluating the SEG$(X$,Y.Z) function.

1. If Y^O, Y is set equal to 1

2. If Y> length X$, then SEG$(X$,Y,Z) = null string (no

characters)

3. If Z^O, then SEG$(X$,Y,Z) = null string

4. If Z > length X$, then Z is set equal to length of X$
5. If Z<Y, then SEG$(X$,Y,Z) = null string

THE DAT$ FUNCTION
The DAT$ function is of the form:

DAT$(X)

The function returns an eight character string giving the current

date in the form MM/DD/YY. For example:

SCRATCH .__.

READY
20 PRINT DATS(X)
30 END
RUNNH
04/08/7*i

Rfc *D t

The use of DAT$ function assumes the user has specified the

date in the OS/8 monitor command DATE. If the DATE com-

mand was not used, the DATS function outputs a null string (no

characters).

EDITING AND CONTROL COMMANDS
Several commands for editing OS/ 8 BASIC programs and for

controlling their execution enable the user to perform such opera-

tions as:

• erase characters or lines

• list part or all of a program
• save programs on various storage devices, and

• call program from storage devices.
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Correcting Programs

ERASING CHARACTERS AND LINES
Errors made while typing programs at the terminal are easily

corrected. Typing a SHIFT/O or pressing the RUBOUT key

causes deletion of the last character typed, and echoes as a back

arrow (<-) on the terminal: One character is deleted each time the

key is typed. For example:

20 DEN F---F FN/KX*Y)=X.t 2+3*Y

The user types N instead of F and immediately notices his mistake.

He presses the RUBOUT key (or SHIFT/O) three time, which is

once for as many characters including spaces to, be deleted. He

makes the correction and continues typing the line. The typed line

enters the computer only when the RETURN key is pressed.

20 DEF FNA(X*Y)=Xt2+3*Y

Sometimes it is easier to delete a line being typed and retype the

line rather than attempt a correction using rubouts. Typing

CTRL/U or pressing the ALTMODE key will delete the line cur-

rently being worked on and echoes DELETED and a carriage

return-line feed. Use of the CTRL/U or ALTMODE command is

equivalent to typing rubouts back to the beginning of the line.

To delete a line that has already been entered into the computer

the user simply types the line number followed by a carriage return.

Both the line number and the line are removed from his program.

The user may change individual lines by simply typing them in

again. Whenever a line is entered, it replaces any existing line which

has the same line number. New lines may be inserted anywhere in

the program by giving them line numbers which are between two

other existing line numbers. Using these editing capabilities, the

program may be modified and re-run until it works properly.

THE RESEQ PROGRAM
After the user has extensively modified his program, he may find

that some portions of the program have line numbers spaced so

closely together that they do not permit any further addition of

statements should he wish to do so. Renumbering the lines in the

program so as to provide a practical increment between line num-
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bers can be accomplished automatically by using the RESEQ
program. It should also be noted that the RESEQ program modifies

the line numbers in GOSUB and IF-THEN statements to agree

with the new line numbers assigned to statements by the program.

Line lengths must not exceed 72 characters.

Typically, the program would be used as follows:

SAVE DSK:SAMPLE

READY

OLD DSK.RESEQ

READY

RUNNH

FILE? DSK:SAMPLE.BA

START,STEP?100,10

READY

OLD DSK:SAMPLE

READY

LISTNH

User saves program SAMPLE
which requires renumbering.

BASIC is ready for next command.

User calls for program RESEQ.

BASIC is ready for next command.

User runs program.

Program asks for filename.

User responds with name of pro-

gram to be renumbered.

Program asks for a starting line

number (START) and for the in-

crement between line numbers

(STEP). User requested that SAM-
PLE start with line number 100

and each line be incremented by

10.

Renumbering is accomplished.

BASIC ready for next command.

User calls back his program.

BASIC ready for next command.

User gets listing of program SAM-
PLE for further modification.

The LIST and LISTNH Commands
An entire program can be listed on the terminal by typing

LIST. A heading is printed before the program itself and is of

the form:

FILE EX VERSION NO. DATE
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For example, if the user is working on a programjiamed USER.BA
and wants a listing he types:

LIST

and BASIC responds with:

USER BA 1.0 26-JUL-72

100LETX=1

200 END
READY

NOTE
When any OS/8 BASIC command is com-

pleted, the message READY is printed at

the terminal. OS/8 BASIC is then ready to

accept any-other commands from the user.

A part of a program may be listed by typing LIST followed by a

line number. This causes that line and all following lines in the

program to be listed. For example:

LIST 100

will list line 100 and all" remaining lines in the program. Typing

CTRL/O while the listing is being printed terminates the printing

and outputs the READY message.

The LISTNH command may be used exactly as the LIST com-

mand, but it eliminates the heading from the listing.

The SCRATCH Command
The command:

SCRATCH
is provided to allow the programmer to clear his storage area, delet-

ing any commands, or a program which may have been previously

entered, and leaving a -clean .area in which to work. If the storage

area is not cleared before entering a new program, lines from pre-

vious programs may be executed along with the new program, caus-

ing errors or misinformation. The SCRATCH command eliminates
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all old statements and numbers and should be used before new
programs are created.

The NEW Command
The NEW Command is used to name a program to be created

and performs an inherent SCRATCH on the storage area. The
command is in the form:

NEW FILE.EX

It assigns the filename to the program to be created. For example:

NEWUSERA.BA

creates file USERA.BA.
An alternate method of naming programs is to type NEW followed

by the RETURN key. BASIC responds with:

FILE NAME—
The user types the filename and extension followed by the RE-
TURN key.

NEW (.BA is assumed and need not

FILE NAME—USERA.BA be typed)

NOTE
Extension .BA is assumed in the OLD,
NEW, NAME, and SAVE commands un-

less otherwise specified. If no extension is

specified in the OLD command, OS/8
BASIC first tries to load FILE.BA and if

unsuccessful tries to locate and load FILE
without the extension.

The OLD Command
This command retrieves a previously created file from a storage

device and places the file in the storage area of the computer. The
command is of the form:

OLD DEV:FILE.EX

For example:

OLD DTA1:SAMPLE.BA
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retrieves file SAMPLE from DECtape number 1 and places it in the

storage area of the computer.

An alternate method of retrieving a file is to type OLD followed

by the RETURN key. BASIC responds with:

FILENAME—
*

The user types the device, filename and extension followed by the

RETURN key.

OLD
FILENAME—DTALSAMPLE.BA

If the device is omitted, DSK: is assumed.

The NAME Command
This command permits the user to rename the program in the

storage area of the computer. The command is of the form:

NAME FILE.EX

Since this command changes only the name of the storage area of

the computer—not its contents, it can be used to create two almost

identical versions of the same program. This is accomplished by

retrieving the first file, making modifications to it, and then SAVE-

ing the modified version under the new name.

The SAVE Command
The SAVE command saves on the specified device the file

currently in the storage area of the computer. The command is of

the form:

SAVE DEV:FILE.EX

If device is omitted, DSK: is assumed. If filename and extension

are omitted, the current filename and extension are used.

The SAVE command also provides a convenient method for

listing large programs quickly on the line printer rather than the

terminal. For example:

SAVE LPT:

will list the current program on the line printer.
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The RUN and RUNNH Commands
After a BASIC program has been typed and is in core, it is ready

to be run. This is accomplished by simply typing the command:

RUN
The program heading is printed and the program will begin
execution. If errors are encountered, appropriate error messages
will be printed on the keyboard; otherwise, the program will run to

completion, printing whatever output was requested. When the

END statement is reached, OS/8 BASIC stops execution and
prints:

READY
If the program does not run properly, or contains an infinite loop
and, hence, will never stop, it may be terminated by typing
CTRL/C, which returns control to the OS/ 8 BASIC editor

(READY).
The RUNNH command suppresses printing of the heading and
may be used in place of the RUN command.

NOTE
If a program that is not SAVEd is RUN,
and for some reason is not retrievable by
LISTing, the program may be retrieved by
waning iui vyAjiv xnc unoiv^.yvo.

The BYE Command
The BYE command instructs the computer to exit from OS/8

BASIC and returns control to the OS/8 Keyboard Monitor. Typ-
ing a CTRL/C while in the OS/8 BASIC editor (READY) mode
also returns control to the OS/8 Keyboard Monitor.

NOTE
Never type BYE before SAVEing a newly

typed program. Unless the SAVE command
is used, the program will be lost.

FILES, FILE STATEMENTS AND CHAINING

General Information On OS/ 8 BASIC Files

SYSTEM DEVICES
The file capability provided by OS/ 8 BASIC allows the user to

write information into (PRINT#) or read information from
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(INPUT#) files on devices other than the terminal. Devices such

as disks, DECtapes, and line printers permit the user the flexibility

and advantage of mass storage and high speed I/O, when writing

OS/8 BASIC programs. Each device in the OS/8 system is refer-

enced by means of its standard OS/ 8 permanent device name.

Files are referenced symbolically by a name of up to six alpha-

numeric characters followed, optionally, by a period and an exten-

sion of two alphanumeric characters. The extension to a file name

is generally used as an aid for remembering the format of a file.

A fixed length file is. one which is already in existence. That is,

it has been created and CLOSEd. The length of a fixed length file

is equal to the number of blocks in the file and cannot be changed.

A variable length file is a newly created file. Until the file is

CLOSEd, it is equal in length to the largest free space oh the de-

vice. When the file is CLOSEd it becomes a fixed length file equal

in length to the actual number of blocks it occupies. Unless the file

is CLOSEd, the CHAIN, STOP or END statements will cause a

loss of the file.

Data in numeric files are stored as successive three-word floating-

point numbers (85 to each OS/8 block) with the last word in each

block unused.

Data in ASCII files are stored in standard OS/8 format (three

8-bit characters to every two words). Refer to the next section of

this chapter and the PS/ 8 Software Support Manual (DEC-08-

MEXB-D).

File Statements

OS/ 8 BASIC provides a number of statements for operating on

files. They include:

FILE#
PRINT*
INPUT#
RESTORE*
CLOSE*
IF END*

The statements are distinguishable from other OS/8 BASIC state-

ments by the number sign (*) which appends the statement name.
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The FILE # statement is used to open a file and is of the form:

(line number) FILEtype # numeric expression: string expression

where:

a. FILEtype is one of four possibilities:

FILEtype Definition

FILE Fixed length—ASCII
FILEV Variable length—ASCII
FILEN Fixed length—numeric
FILEVN - Variable length—numeric

b. The numeric expression has a value of from one to four and
represents the internal file number for the file number being
opened and is used in any other statements referencing this

file. FILE #0.references the Teletype.

c. The string expression is either a string variable or string

constant which has a value of the form:

DEV:FILE.EX

For example, the following program:

10 LET A$-"DTA1:NETSAK.BA"
20 FILEN #1:A$

is equivalent to:

10FILEN #1:"DTA1:NETSAK.BA"

for opening fixed length numeric file NETSAK on DECtape num-
ber 1 and assigning it internal file number 1. If DEV: is missing
from the string expression, the device DSK is assumed by default.

Only four files, (numbered 1 through 4) besides the Teletype

(FILE #0) may be open in a program at any time. However, the

ability to open and close (CLOSE#) files under program control

permits the user to access an unlimited number of files.

When selecting a FILEtype, the user should keep in mind that

variable length files (FILEV and FILEVN) are restricted to out-

putting only. That is, variable length files should be used in con-
junction with the PRINT# statement only. An attempt to read
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(INPUT#) from a variable length file results in error message

VR. Only one FILEV or FILEVN may be active per device at a

given time.

The use of fixed length ASCII files (FILE) should be restricted

to use with the INPUT# statement, but may be used with the

PRINT# statement when the user is certain that the ASCII or

numeric data he is PRINTING (i.e., the number of characters) re-

places, exactly, the ASCII or numeric data on the file. It is recom-

mended that the use of fixed length ASCII files (FILE) for output

be entirely avoided.

The PRINT# statement writes data into files and is of the form:

(line number) PRINT#N: list of expressions and delimiters

where N is the numerical expression for a file number. For ASCII

files, the expressions in the list can be string or numeric, and the

TAB and PNT functions can both be used. The delimiters can be

commas or semicolons and have the same meanings that they have

in the PRINT statement for the terminal. For numeric files, the

expressions may only be numeric variables separated by commas

or semicolons.

10 FILEV #1:"LPT:"

20 LET F=l
30 PRINT #F: TAB(28);DAT$(X)

40 CLOSE #F
50 END

This routine prints the date, starting at column 28 on the line-

printer.

The INPUT# statement reads data from files and is of the form:

(line number) INPUT #N: list of variables

where N is the numerical expression for a file number. The

INPUT# statement does not expect a line number on each line

of data in the file. If one is present, it is read as data:

10DIMN$(19,15)
20 FILE #1:"LARRY"
30 FOR 1=1 TO 19

40 INPUT #1:N$(I)

50 NEXT I
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The above routine reads 19 strings from. DSK: file LARRY.
The previous paragraph indicated that numbers may be written

into an ASCII file. The reading of numbers from an ASCII file

requires some precaution if the data delimiter is other than a

comma or semicolon. In line 30 of the example below, the data

written into file number 1 will be separated by a carriage return

and line feed which are both written into the file. The subsequent

reading of numbers from the file in line number 80 shows the use

of a pair of dummy arguments (C and L) to compensate for the

carriage return and line feed since they would otherwise be read

as numeric data with a value of 0.

10FILEV#1:A$
20 FOR I = 1 TO 10

30 PRINT #1:1

40 NEXT I

50 CLOSE #1
60FILE#1:A$
70 FOR I = 1 TO 10

80 INPUT #1:J,C,L

90 NEXT I

The RESTORE* statement is of the form:

v^iuic uuiiiucij rvco i wive -ffr*

where N is a numerical expression for the file number to be reset

to the beginning. If N is equal to zero, or if #N is missing from the

statement, the DATA list in the program is reset to the beginning.

10 FILE #2: "SUSAN"
20 INPUT #2: A,B,C,D

25 RESTORE #2
30 INPUT #2: E,F,G,H

This program uses the same values from disk file SUSAN for

variables A, B, C, and D as it does for variables E, F, G, and H.

The CLOSE# statement is of the form:

(line number) CLOSE #N

where N is the numerical expression for the file number to be

closed. For example :
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10 DIM A$(5,10)

15 FOR 1=1 TO 4

20 LET A$(I) = "SHERY" & CHR$(I+48)

25 FILE #I:A$(I)

30 INPUT #I:B$

35 IF B$="SANDY" THEN 60

40 CLOSE #1
45 NEXT I

50 PRINT "CANNOT FIND SANDY"
55 STOP
60 PRINT "FOUNDSANDY"

90 END

This program searches; through four disk files (SHERY 1 through

SHERY4) for the file that has SANDY as the first entry. If the

first entry in the file is not SANDY, the file is closed (statement 40)

and the next file is opened.

NOTE
The user must CLOSE* all output files be-

fore ending the program in order to prevent

the loss of data.

The IF END# statement allows the user to determine whether

or not there has been an End-of-File detected for the ASCII file in

question. The statement has the form:

(line number) IF END #N THEN line number

where N is a numerical expression for the ASCII file number. The

line number must refer to a line in the program.-

100 IF END #1 THEN 170
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170 END
If the IF END# statement is found true, the last INPUT# or

PRINT# (read or write) should be discarded.

The IF END# statement is not used to determine if more data is

available, but rather to determine if the last read or write was valid.

The first attempt, in an INPUT# or PRINT# statement, to read

or write past an end-of-file causes an abort of the I/O associated

with that read or write, and the program passes control to the next

operation to be performed. The second, and any subsequent

attempts, to read or write past an end-of-file, causes an RE or WE
runtime error to be printed for each syntactical item in the IN-

PUT# or PRINT# list. To avoid a lengthy list of error messages,

avoid using long INPUT# or PRINT# lists in situations which

may approach an end-of-file.

Core image files have been implemented under OS/8 BASIC V3.

To create a core image file from a BASIC language source, type:

.R BCOMP
*DEV:PROG.BA/K

wllPtv* P1?00 RA ic thf* cnnrrp TTiia If cwitnli jr»rlir*at*»c tfiof a nctrt*

image file is to be created. The following additional switch/option

designations apply:

/N If the resulting core image will never be executed on a

12K TD8E system. This saves 400 words of memory but

reduces configuration independence.

/B If a copy of the run-time system should be loaded into the

core image. This increases the size of the core image file

by 10-50% (exactly 15 blocks) but eliminates the need for

a file access to read in BRTS at run-time. BRTS and

overlays must still exist on the system device, when the

program is run.

—n Where n is an octal digit in the range l^n ^m and m is

the highest memory field available on the host machine.

The highest memory field on the target machine will be n.

This may reduce configuration independence, since the
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resulting core image will not load correctly on a machine

with fewer than n+1 memory banks. If n is not specified,

n= 1 is assumed. If n is specified larger than m, n=m is

assumed.

In the absence of error conditions, the compiler post-processor

(BLOAD) will exit to OS/ 8. At this time, type:

.SADEV:PROG

to create an executable core image. Additional arguments to the

save command must not be specified. The core image is executed

by typing:

.R PROG
or

.RUNDEV:PROG

as appropriate. Any errors flagged during compilation will prevent

creation of an executable core image file.

In contrast to normal BASIC program execution, which requires a

minimum of 6 file access operations, core image file execution

requires no more than two file accesses; one to read the core

image file and one to read BRTS if /B was not specified. Com-

piler/loader overhead is also eliminated, so that the reduction in

execution time is very significant, especially on DECtape systems.

The following error messages may occur during execution of a

BASIC core image file:

USER ERROR 1 AT nnnn

One of the files:

BRTS.SV
BASIC.AF
BASIC.SF

BASIC.FF

was missing from the system device.

USER ERROR 2 AT nnnn

An attempt was made to load a core image file produced under the

/N option on a 12K TD8E system (without ROM).

USER ERROR 3 AT nnnn

Insufficient core to load this core image file.
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When executing BASIC core image files on a DECtape system,

the following techniques will ensure minimum execution time:

1. Follow the recommended procedure for grouping calls to

functions according to the overlay in which the function

resides, to minimize overlaying at run-time. (Refer to the

section entitled THE OS/8 BASIC RUN-TIME SYSTEM)
2. Prepare a system DECtape which contains all of the BASIC

core image files, followed by:

BRTS.SV
BASIC.AF
BASIC.FF
BASIC.SF

BASIC.UF (optional)

The BASIC core image files should reside near the beginning of

the DECtape. If chaining is employed, the least frequently run

programs should appear first on the DECtape.

The CHAIN statement provides a convenient means for dividing

large programs into a series of smaller programs which are written

and stored separately, and executed in a chain. The CHAIN state-

ment is of the form:

When BASIC encounters a CHAIN statement in a program, it

stops execution of that program, retrieves the program named in

the CHAIN statement from the specified device and file, compiles

the chained program and begins execution of the program. The

use of the CHAIN statement, therefore, is the automatic equivalent

of running an OLD with no header (RUNNH). The file BASIC.WS
will contain the original program in the chain and when execution

is complete, the BASIC storage area will contain the original

program.

Since BASIC removes the program which contains the CHAIN
statement from core before retrieving the chained program, the

user should make certain to CLOSE# all output files that are

opened by FILE statements in the program which contains the

CHAIN statement in order to avoid the loss of data generated by

the program.
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A BASIC core image file may also executeCHAIN statements,

subject to the following restrictions:

1. A BASIC language source may not CHAIN to a BASIC

core image and vice versa.

2. When a BASIC language source chains to another BASIC

language source as described above, the extension of the

target file must not be ".SV". When a BASIC core image

chains to another BASIC core image, the extension of the

target file must be ".SV". This is the standard extension for

BASIC core image files.

In general, any departure from these procedures will cause a "CL"

error.

NOTES
1. Control commands OLD, RUNNH, and

SAVE are described in Chapter 8.

2. If DEV: is not specified, DSK: is

assumed by default.

CREATING ASSEMBLY LANGUAGE FUNCTIONS

Introduction

OS/ 8 BASIC has a facility which allows experienced PDP-8

assembly language programmers to interface their own assembly

language routines to OS/ 8 BASIC. This facility permits the user

to add functions to OS/ 8 BASIC which can operate directly on

special purpose peripheral devices. This section describes in some

detail the organization and internal characteristics of the OS/

8

BASIC Run-time System (BRTS)and is intended to serve as a

programming guide for the creation of such user-coded assembly

language functions. This material assumes the user to be familiar

with OS/8 and PDP-8 assembly language.

In addition to this section the programmer would find most useful

a listing of the OS/8 BASIC Run-time System (DEC-S8-LBASA-

A-LA).
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The OS/8 BASIC System

The OS/8 BASIC system is divided into the following discrete
parts:

1. The BASIC editor (BASIC.SV)
2. The BASIC compiler (BCOMP.SV)
3. The BASIC loader (BLOAD.SV)
4. The BASIC run-time system (BRTS.SV)
5. The run-time system

overlays (BASIC.AF)

(BASIC.SF)

(BASIC.FF)

(BASIC.UF) (if needed)

The OS/8 BASIC editor is used to create and edit the source
program. On receipt of a RUN command, the editor creates a
temporary file called BASIC.WS, stores the source in that file, then
chains to the compiler. The compiler compiles the program into a
12-bit pseudo-code which is loaded into core along with the run-
time system by the loader. The run-time system interprets each
pseudo-instruction, calling each of the overlays into core as needed.
On completion of the program, the run-time system chains back to

the editor, and the cycle is repeated. Following is a diagram show-
ing the files on the systems device associated with or used by each
system component.

BASIC Component
Associated

Files Usage

Editor BASIC.WS program storage

Compiler BASIC.WS
BASIC.TM

. program storage

compiled code storage

Loader BASIC.TM compiled code storage

Run-time

System

BASIC.AF i

BASIC.SF
BASIC.FF
BASIC.UF .

overlays

(if needed)

The user must avoid the filenames above; they are reserved for the

OS/8 BASIC System.
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The OS/8 BASIC Run-time System

At the time the user's BASIC program Is actually being ex-

ecuted, the portion of the BASIC system in control is the Run-time
System (BRTS). BRTS is also in core when user-coded functions

are executed, therefore, a knowledge of it is essential to writing

an OS/8 BASIC assembly language function. Note that the

following sections refer frequently to specific core locations in

BRTS by symbolic names (always capitalized). The actual value of

these symbols can be obtained from the symbol table for the

version of BASIC being used. Note that this symbol table is for a
non-EAE system; if the EAE overlay is used some of the minor
symbols will change. The major routine entry points mentioned in

this chapter, however, are the same for both systems. All diagrams
in this chapter have the lowest core address at the bottom/ This
chapter also makes use of the variable names A, A(0,0), A$, and
A$(0) to represent the general case. All references in this chapter

to "page 0" refer to the BRTS page (Page 0, Field 0).

BRTS CORE LAYOUT
When executing, BRTS has the following configuration:

FIELD

FIELD 1

FIELD N
(WHERE N =

HIGHEST CORE
FIELD IN THE

MACHINE)

INTERPRETER

OVERLAY AREA

FLOATING POINT
PACKAGE

FILE TABLE

OS/8 HANDLERS

OS/8 RESIDENT

FILE BUFFERS

PSEUDO CODE

ARRAY SPACE

INCORE
DATA LIST

SYMBOL TABLES

OS/8 RESIDENT

03400

04600

06677

07000,,

07600

10000,

12000

-0"

) BRTS

N7400 OR N7600
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The highest core field is used for BRTS symbol tables, storing

of the field 1 and field 2 (if non-ROM TD8/E) resident portions of

the OS/8 Monitor, the incore DATA list (data generated by

DATA statements in the program) and pseudo-code (generated by

the compiler). The bottom of the array space (marked by line A)

can exceed the field boundary and proceed into lower fields, but

this will only happen for large programs. Note that if the bottom of

the pseudo-code extends below line B (12000), some file buffer

space must be sacrificed, with corresponding loss of runtime file

capabilities. As the bottom of the pseudo-code approaches 10000,

the number of files which may be simultaneously open at runtime

approaches 0. At least 400 words of buffer must be free for each

file opened at runtime. The 8 file buffers and OS/8 handler areas

are allocated dynamically at runtime in response to FILE com-

mands in the BASIC program, and if not fully used may be used

as buffer space by the user function.

BRTS OVERLAYS
Locations 3400-4577 of field serve as an overlay area, into

which the currently needed overlay is read. The overlays consist

mainly of functions which are infrequently used, and are con-

structed as follows:

BASIC.AF Arithmetic Functions

SIN, COS, ATN, EXP, FIX, FLOAT, INT,

RND, EXPONENTIATION, SGN, SQR, LOG

BASIC.SF String Functions

ASC, CHR$, DAT$, LEN, POS, SEG$, STR$,

VAL, Error processing, TRC

BASIC.FF File Functions

CHAIN, CLOSE, FILE, STOP

BASIC.UF User Function

This last overlay, BASIC.UF is reserved for user-written assem-

bly language subroutines. Each time a call to the user routine is

issued, the overlay BASIC.UF is read into the overlay buffer, and

control is dispatched to the appropriate routine.
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Note that the overlay driver reads in a new overlay only if the

overlay currently resident does not contain the function specified

in a given function call. If the function call is for a function which
is found in the currently resident overlay, no overlay I/O takes

place.

BRTS SYMBOL TABLES
BRTS locates variables and strings at runtime via four perma-

nently resident symbol tables. These tables, which always reside in

the highest core field, are the Scalar Table (for variables like A,
Bl), the Scalar Array Table (A(1),B(1,1) ), the String Symbol
Table (A$, Al $), and the String Array Table, (Bl$(2) ).

Data Formats

VARIABLES
Variables are stored in core as standard three word floating

point numbers. The first word is a signed, two's complement ex-

ponent, while the second and third word represent the signed, two's

complement mantissa. .

* EXPONENT

HIGH MANTISSA

LOW MANTISSA

Single variables are stored as three word entries in the Scalar Table.

Arrays are stored in core as successive three word entries, with the

first subscript varying the fastest, and A(0,0) occupying the lowest

core address. The address and field of A(0,0) are specified in

the Scalar Array Table.
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A(0,0)—. _— — —
A(1.0)

— — — —

.

A (2.0)

" —^ ,

1 -w^

___ __ „_^^ A(M-2,N)
— — — A(M-1 ,N)

A(M,N)

STRINGS
Strings are stored as 6-bit ASCII characters, with a character

count as the first word of the string. The left half of each character

word is used first, with unused characters padded with spaces (40 8).

The character count is a signed, two's complement number repre-

senting the actual number of characters in the string, not the num-

ber of words devoted to that string. Each string is allocated

[INT(^i^)+l] words, where n is the maximum length specified-

in a DIM statement, whether that many words are actually used or

not.

count -

"BA"

"Si"

"C"
COUNT-

COUNT FOR
NEXT STING

'BASIC"

7773

V BRTS"

7774 COUNT

"BR"

"TS"

COUNT FOR
NEXT STRING

The minimum string is one character long. The address of the

count word for each string is pointed to by its entry in the String

Symbol Table.

String arrays are stored as successive strings, with A$(0) occupying

the lowest core address. Each string is allocated enough space for

its maximum length, even though all of this space may not be used.
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A$ (0)<

A$ (1)<

-COUNT

INT(^l)

-COUNT

A$ {N)<

-COUNT

WORDS WHERE N IS

THE MAXIMUM
LENGTH OF STRING
SPECIFIED IN DIM
STATEMENT.

NOTE
For any of the, above data types, a field

boundary may fall anywhere within any in-

dividual item. Routines that use successive

words in any data item must be careful to

check for a field boundary within that item.

INCORE DATA LIST
The incore DATA list is stored as sequential data items in core.

Strings again are devoted even numbers of words, and are pre-

fixed by a count. There is no separator or identifier of DATA items

and the DATA list is always in the highest core field. A page 0,

field pointer to the starting address of the DATA list less 7 is

maintained at DLSTRT, and the address of the last word of the

list can be found at DLSTOP.
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Example:

IN BASIC
DATA

Ihl i*ADC
UN V»wK£

STARTING

1,2,"THREE", 4

_ DLSTRTADDRESS OF POINTER TO DATA LIST-1
DATA LIST

) "THREE"

4

1
»» POINTER TO LAST

WORD IN DATA LIST2000

0000 FIELD

2

2000

0000

COUNT STRING -»• 7773

24 10

22 05

FIELD N 05 40

3

2000

THE STRING ACCUMULATOR (SAC)

All BRTS string operations use the String Accumulator (SAC)

as one of the operations, and the result is always left in the SAC.

The string accumulator is to strings as the hardware AC is to

PDP-8 instructions. The SAC starts at location SAC for 36 words

(72 characters), and the length of the string currently in the SAC is

stored as a negative number in STRLEN. A page pointer to the

start of the SAC less 1 is maintained at SACPTR.

BRTS Symbol Table Structure

The BRTS symbol tables all reside in the highest core field. A
CDF to the symbol table field can be found in location CDFIO of

field 0.
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THE SGALAR TABLE
The Scalar Table is the highest symbol table in core, and it con-

sists of successive three-word entries, each entry containing a 3 -

word floating-point number. One entry exists for each variable used

in the program, and a few extra entries are used as temporaries.

A pointer to the start of the Scalar Table can be found at location

SCSTRT of field 0. The scheme for scalar variables is as follows:

FIELD

SCSTRT
POINTER TO

SCALAR TABLE

CDFIO CDF X

FIELD X

\.ALAR
TABLE \

\ t EXP

< t HI MANT

LOW MANT

THE ARRAY SYMBOL TABLE
The Array Symbol Table consists of successive 4- word entries,

each entry specifying the location and size of an array used in the

program. Each entry is as follows:

POINTER TO A(0,0)

CDF TO FIELD OF A (0,0)

DIMENSION 1

DIMENSION 2

The first word of each entry is a 12-bit pointer to the location of

the exponent word of the first element in the array. The second

word is a CDF N where N is the field for the pointer in the first

word. The third word is the first dimension of the array (obtained

by adding 1 to the M in a DIM A(M,N) statement because the
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first subscript is always 0), and the last word is the second dimen-

sion of the array (obtained by adding 1 to the N in the aforemen-

tioned DIM statement for the same reason). If the array is uni-

dimensional, the second dimension is zero. To locate the nth

element in the array, BRTS performs the following calculation:

Addr of A(M,N)=3*[M+(DIM-1 + 1)*N]+Addr of A(0,0)

A pointer to the start of the Array Symbol Table less. 1 (for use

in an index register) can be found in field at location ARSTRT.
The scheme for arrays is:

ARSTRT POINTER TO ARRAY TABLE -1

FIELD

CDFIO CDFX

START OF ARRAY
SYMBOL TABLE,

A[0,0)

; ENTRY t

A(0,1)

A(2,0)

POINTER TO AI0.0)

ARRAY SYMBOL
TABLE (FiELD Xj

CDF Y

) ENTRY 2

J
M + 1 AIM Ml

N*l

THE STRING SYMBOL TABLE
The String Symbol Table has successive three-word entries as

follows:

POINTER TO STRING

CDF FOR STRING

-MAXIMUM* OF CHARS IN STRING
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The first word is a 12-bit pointer to the count word of the string.

The second word of each entry is a CDF for that count word, and

the third word of the entry is the maximum length of the string (in

number of characters) stored as a two's complement negative num-

ber. A pointer to the start of the String Symbol Table (less 1) can be

found in field location STSTRT. Note that the maximum number

of characters in the string represents the amount of space allocated

for the string; the amount of space actually used is represented by

the count word which is stored with the string.

The scheme for simple strings is:

STSTRT POINTE.K TO MKINtj i>YnrtbUL

FIELD

CDFIO CDF X

i^

ENTRY 1

STRING
SYMBOL TABLE

(FIELD X)

COUNT FOR A$
^»

POINTER TO A$
\ ENTRY 2CDF Y

-MAX LENGTH
STRING A$
(FIELD Y)

|NT
(MAX.LENGTH+1^

WORDS LONG

THE STRING ARRAY TABLE
The String Array Table consists of consecutive 4-word entries,

with each entry as follows:

POINTER TO A$[0)

CDF FOR A$(0)

-MAX # OF CHARS IN A$ (0)

DIMENSION OF A$ (0)

The first word contains a pointer to the count word of string

A$(0), and the second word contains a CDF for this count. The

third word has the maximum length (in characters) of each element
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in the array stored as a two's complement negative number. The
last word contains the dimension of the string array, obtained by
adding 1 to the M in a DIM statement of the form DIM A$ (M,N)

because the first element is always A$(0). A pointer to the start of

the String Array Table less 1 can be found in field at location

SASTRT.
The scheme for string arrays is:

SASTRT

FIELD

POINTER TO START OF STRING ARRAY TABLE -1

CDF10 CDF X

1

1

POINTER TO A$ (0)

STRING ARRAY CDF Y

TABLE(FIELD X) -N

M+l

ENTRY 1

> ENTRY 2

COUNT

COUNT

>A$(0]

I STRING ARRAY
A$(CM,N)
[FIELD Y)

>A$(1)

To locate the nffi element of the string array, BRTS performs

the following calculation:

addr of A$ (N)=addr of A$ (0)+(INT

where Z = individual element length.

(ABS(Z)+1)

N
1)*N

Floating-Point Operations

The BRTS floating-point package is permanently resident, and

as such it is readily available for use by assembly language routines

for floating-point calculations.

FLOATING-POINT ACCUMULATOR
One of the operands of every floating-point operation is the

Floating Accumulator (FAC), and the result of all floating-point

operations (except FPUT) is always left in the FAC. The FAC is
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found at EXP, HORD and LORD on page with standard PDP-8
23-bit floating-point format:

EXP

HORD

LORD

SIGN OF
' EXPONENT

EXPONENT
HI MANTISSA

LOW MANTISSA

SIGN OF
MANTISSA

The floating-point accumulator is to floating-point instructions

what the hardware accumulator is to PDP-8 machine language
instructions.

FLOATING-POINT ROUTINES
The following floating-point routines are available for user sub-

routine use:

Function Starting Address Operation

ADD FFADD
SUBTRACT FFSUB
MULTIPLY FFMPY
DIVIDE FFDIV
INVERSE SUBTRACT FFSUB 1

INVERSE DIVIDE FFDIV1
LOAD FAG FFGET
STORE FAC FFPUT

FAC«-FAC+OPERAND
FACHFAC-OPERAND
FAC«-FAC*OPERAND
FAC<-FAC/OPERAND
FACH3PERAND-FAC
FAC<-OPERAND/FAC
FAC^OPERAND
OPERAND<-FAC

The symbol "<-" means "is replaced by". '

Note that the store function (FFPUT) is the only operation in

which the result is not left in the FAC. Note also that FFPUT is a
nondestructive store, i.e., the FAC is the same after the store

operation as before.

There are two calling sequences for the floating-point routines,

each with a different method for passing the address of the operand.
Mode 1 is the most efficient, and can be used whenever the operand
is in field 0. Mode 2 is the field independent call, but is more core
expensive than mode 1.
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The mode being used is determined as follows:

1

.

If the contents of the AC is non-zero on entry, the mode used

is mode 2.

2. If the contents of the AC is zero on entry, the location FF is

examined. If FF is also zero, mode 1 is the calling mode. If

FF is non-zero, mode 2 is used.

The calling modes are as follows:

*>r~j~ 1 „4J-n^ ,-vf ^omnrl fnllnnrc coll +n flnatin cr-nnint routine.

CLA
DCA FF
JMS I POINTR
(OPERAND ADOR)

/SWITCH FFiP) FDR MODE 1

./JUMP TO FLOATING-POINT ROUTINE
/12 BIT ADDRESS OF OPERAND
/RETURNS HERE

POINTR, (STARTING AODR)
/FLOATING-POINT ROUTINE
/STARTING ADDRESS.

Mode 2—address of operand in AC on call to floating-point

routine.

cla iac
DCA FF
COF N

TAD OPADDR
JMS I POINTR
(UNUSED)

POINTR, (STARTING ADOR)
OPADDR, (OPERAND)

/FF SWITCH NOT EQUAL TO FOR NODE 2

/OF TO FIELD OF OPERAND
/ADDRESS OF OPERAND
/JUMP TO FLOATING-POINT ROUTINE
/JHXS LOCATION UNUSED
/RETURNS HERE,
/ADDRESS OF FLOATING-POINT ROUTINE
/ADDRESS OF OPERAND

Both modes return with a clear AC and the data field set to 0.

Note that the switch FF is not altered by the routines themselves,

hence it is only necessary to set it when desired to change modes,

not before every call.
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The mode 2 call always returns to the second instruction follow-

ing the JMS call, skipping the word following the JMS. Since this

word is completely unused, it is a good location for constant

storage.

The FF switch is necessitated by the special case when it is

desired to reference an operand located at location 0-in a field

other than field 0. If the FF switch were not present, the floating-

point package would examine the AC, find it empty, and use the

address in the word following the call, since there is no way of

distinguishing an empty AC from an operand address of loaded

into the AC. The FF switch, then, is used to tell the floating-point

package whether the zero AC means "mode 1 call" or "operand at

0."

BRTS maintains links for FGET and FPUT on page of field

0, providing convenient access to these frequently used routines.

Page

Link Name Routine Linked

FGETL FFGET
FPUTL FFPUT

Examples:

Some examples of BRTS floating-point code:

1 . Routine to calculate X*+2X+

1

CLA
DCA FF /OPERAND ADDRESS WILL

/FOLLOW CALLS (MODE i)

JMS I FGETL /LINK IS ON PAGE
X

JMS I FMPYL* /X * X

X

JMS I- FPUTL /SAVE X"2
Y

JMS I FGETL /LOAD X AGAIN
X
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JMS I FMPYU /2X
TWO
JMS I FADOLK /2X + 1

ONE
JMS I FADOLK /X-2+2X+1
Y

/RESULT NOW IN FAC
•

FADDLK, FFAOD /LINK TO ADO ROUTINE
FMPYLK, FFMPY /LINK TO FLOATING MULTIFLY
TWO, 0002 /FLOATING POINT CONSTANT

2000 /2,0
0000

ONE, 0001 /FLOATING POINT CONSTANT
2000 /1.0

v
0000

X, ... /VARIABLE

Y,
0**

/FLOATING POINT TEMPORARY

2. Routine to add 5 successive floating-point numbers starting

at location of field 2.

START, CL*
OCA OPADDR /FIRST OPERAND AT LOCATION
JMS I FCLP /ZERO FAC
IAC
DCA FF /CALLS ARE MODE 2

ALOOP, CDF 20
TAD OPADDR /OPERAND ADOR IN AC
JMS I FADOLK /CALL ADD ROUTINE

MINUS5, -5 /LOCATION UNUSED, SO WE USE
TAD OPADnR /IT AS A COUNTER
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TAD K3 /UPDATE OPERAND ADDRESS
DCA OPADDR
ISZ MINUS5 /DONE?'
JMP ALOOP /NO
HLT /YES-ANSWER IN FAC.

FADDLK, FFADD /POINTER TO ADO ROUTINE.

QPAODR, 2 /POINTER TO OPERAND
K3, I /EACH OPERAND IS 3 WORDS LONG.

Starting Address Operation

FFNEG FAO-FAC
FFNOR NORMALIZE^FAC
FFSQ FAC«-FAC*FAC
FACCLR FAC^-0

FLOATING-POINT OPERATIONS
There are also four simple floating-point operations that operate

on the FAC and are available to user subroutines.

Function

NEGATE
NORMALIZE
SQUARE
CLEAR

These functions are all called by simple JMS, and return with

the hardware AC=0. Page links are maintained for negate,

normalize, and clear.

Page Link Routine

FNEGL FFNEG
FNORL FFNOR
FCLR FACCLR

BRTS Subroutines

There are several subroutines in BRTS which can be useful to

assembly language functions. A discussion of each of these routines

follows. They are identified in the discussion by the tag for their

starting address, and all tags referred to can be found in the sym-

bol table.

SUBROUTINE ARGPRE
Subroutine ARGPRE is used to locate scalar variables in the

Scalar Table. When called, it uses the rightmost 8 bits (0-255

decimal) of location INSAV as the entry number to be found, and
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on return, the data field is set to the field of the variable and the

AC points to the exponent word of the variable. ARGPRE is

called via a JMS, and is used most often in passing arguments to

and from the user subroutine.

Example: Load the FAC with the third variable in the Scalar

Table.

/SINCE THE FIRST ONE IS 0,
/LOAD INSAVE WITH 2

/SET FF SWITCH
/CAUL ARGPRE
/THE AC AND DATA FIELD
/ARE SET, SO THIS IS A

/MODE 2 CALL.

CLA
* * rv *« n
i Au uc

DCA INSAVE
IAC

i
: DCA FF

JMS I ARGPRL
JMS I FGETL.
(UNUSEO)
HLT

C2, 2

ARGPRL, ARGPRE

SUBROUTINE XPUTCH
Subroutine XPUTCH is used to put ASCII characters into the

terminal ring buffer. When called, the 8- bit ASCII character is in

the right-most 8 bits of the AC. On return, the AC is cleared. Note

that unless the ring buffer is full, XPUTCH does not cause any

characters to be printed; it merely places the character in the

term'nal ring buffer. A page link to XPUTCH is maintained at

location XPUT.
Example: Put a carriage return/line feed combination in the

teminal buffer.

CLA /LOAD CR INTO AC

TAD K215 /CALL XPUTCH VIA PAGE LINK
JMS I XPUT /LOAD LINE FEED INTO AC

TAD K212 /PUT IN BUFFER
JMS I XPUT
HLT

K215, 215 /ASCII CODE FOR CH
K212, 212 /ASCII CODE FOR LF
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SUBROUTINE XPRINT
Subroutine XPRINT is used to print the next character in the

terminal ring buffer. If there are characters waiting to be printed in

the ring buffer, XPRINT returns to the instruction following the

calling JMS. If the ring buffer is empty, XPRINT skips the instruc-

tion following the JMS on returning. XPRINT will actually print

a character only if the terminal is not busy; i.e., a call to XPRINT
means "print a character if possible" rather than "print a terminal

character." For a more detailed description of how the terminal

ring buffer I/O operates, see terminal I/O. BRTS maintains a page

link to XPRINT called PRINT.
Example: In the middle of a compute bound loop a call placed to

XPRINT keeps the terminal busy. At the end of the compute loop

a call is placed to XPRINT that empties the terminal ring buffer

before proceeding.

LOOP,
/COMPUTING INSTRUCTIONS

JMS I PRINT
NOP

/CAUL SPRINT VIA PAGE LINK
/THIS INSTRUCTION WILL BE
/SKIPPED IF RING BUFFER IF EMPTY

ISZ LOOPCN
JMP LOOP
JMS I PRINT
JMP ,-1

/LOOP CONTROLLING INSTRUCTION
/

/LOOP IS DONE - EMPTY RING
/BUFFER BEFORE CONTINUING

SUBROUTINE PSWAP
Under normal conditions, BRTS runs with the OS/8 page

17600 portion of the resident monitor moved to the highest page of

core (second highest page TD8/E system). PSWAP is used to

swap this page back and forth prior to doing any operations with

OS/8. Prior to calling OS/8, PSWAP should be used to restore the
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page 17600 resident to 17600, and when OS/8 operations are

complete, PSWAP should be called again to swap the 17600

resident back up to high core. A page link to PSWAP is main-

tained at location PISWAP.
Example: The following code uses the USR in OS/8 to perform a

LOOKUP on the file BASIC.DA on the system device.

CLA /AC SHOULD BE ON CALL
JMS I P1SWAP /RESTORE OS/8 PAGE 17600 RESIDENT
CLA IAC /DEVICE # FOR SYSl IS i

CIF 10
JMS I K7700 /CALL USR
2 /LOOKUP
FNAME /POINTER TO FILE NAME

/CONTAINS LENGTH ON RETURN
H|.T /ERROR RETURN
JMS I P1SWAP /SWAP OS/8 -RESJDENT BACK

/TO HIGH CORE

NOTE
If PSWAP is used, it must be executed an

even number of times. When the assembly

language function is called, the page 17600

resident is at high core; when the function

returns to BRTS, the 17600 resident must

be back in high core.

SUBROUTINE UNSFIX
Subroutine UNSFIX is used to fix a positive, 12-bit, magnitude

only integer from the FAC and return with the result in the hard-

ware AC. The range of the fixed integer is 0-4095; an attempt to

fix a number larger than 4095 or a negative number will cause^an

"FO" or "FM" error, respectively. UNSFIX is called via simple
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JMS, and a page link to.UNSFIX is maintained, called INTL.

UNSFIX destroys the contents of the FAC.
Example: The following code uses the FAC as a count of the

number of times to ring the bell on the terminal.

«

•

•

CIA
JMS I INTL
CIA
OCA COUNTR

BELLOP, TAD K207
JMS I XPUT
ISZ CQUNTR
J MP 8ELL0P

/FIX THE FAC TO 12 BIT INTEGER
/NEGATE THE INTEGER '

/AND STORE AS COUNT
/ASCII FOR 8ELL
/PUT IN RING BUFFER
/RIGHT NUMBER YET?
/NO-RING ANOTHER BELL

K207, 207

SUBROUTINE STFIND
Subroutine STFIND is used to locate a string variable or the

first element of a string array. When called, if the link is non-zero,

STFIND looks for an entry in the String Array Table. If the link

is zero, STFIND uses the String Symbol Table. For standard string

variables, the rightmost 8 bits of location INSAV are used as the

number of the entry to be obtained; for string array variables the

last 5 bits are used. On returns from STFIND, the AC contains a

CDF to the field of the string specified, location STRPTR points

to the first word (count word) of the string, location STRMAX
holds the^maximum length of the string (as a negative number),

and location STRCNT contains the actual number of characters in

the string (as a negative number). STFIND is used most often in

passing arguments to and from user functions.
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Examples:

1 . To find string number 7

TAD Kfc /THE NUMBERING STARTS WITH
DCA INSAV /SET UP STFIND POINTER
CU /WE WANT SIMPLE STRING
JMS I STGINL /CALL STFIND

Kfc, b

STFlNLf STFIND

2. To find the first element of string array number 2.

TAD Kl /THE SECOND ENTRY
DCA INSAV
CLL CML /WE WANT STRING ARRAY
JMS I STFINL /CALL STFIND

Kl, 1

STFINL, STFIND

SUBROUTINE BSW
Subroutine BSW is used to swap the two halves of the hardware

AC. BSW is called by a simple JMS, and a page link called

BSWL is maintained. Obviously, PDP-8/E users would perform

a hardware BSW instruction rather than use this subroutine.

SUBROUTINE MPY
Subroutine MPY is a 12 by 12 bit binary multiply routine. The

AC is multiplied by the contents of location TEMP3 (both num-

bers are treated as 12-bit, unsigned integers), and on return, the

high-order bits of the result are inTEMP6,and the low-order bits of

the result are in the AC. The page link to MPY is MPYLNK.

SUBROUTINE DLREAD
Subroutine DLREAD is used to read the next word of the incore

DATA list into the AC. If there is no more data in the DATA list,

a DA error message results.
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Example: Read the next number from the DATA list into the FAC.

CLA
JMS I DLREAL /READ EXPONENT WORD INTO AC
OCA EXP /STORE IN FAC
JMS I DLREAL /READ HIGH MANTISSA FROM LIST
DCA HORD /STORE HIGH MANTISSA WORD
JMS I DLREAL /READ LOW MANTISSA FROM LIST
DCA LORD /STORE LOW MANTISSA WORD

DLREAL, DLREAD

SUBROUTINE ABSVAL
Subroutine ABSVAL is used to take the absolute value of the

FAC. If the FAG is positive, ABSVAL is essentially a NOP; if the

FAC is negative, it is negated before return.

Passing Arguments To The User Function

BRTS calls the user assembly language function with a JMS
instruction. Prior to executing that JMS, it places the first numeric

argument in the FAC, the second in Scalar Table entry 0, the third

in Sca] ar Table entry 1, etc., until the argument list is satisfied. If

any string arguments are used, the first is found in the SAC and

the second is pointed to by String Table entry 0. The user function

obtams these arguments as needed by calling the routines

ARGPRE and STFIND appropriately.

Example: The following function takes the first two numeric argu-

ments and performs the operation on them specified in A$:

UDEF EXM (X,A$, Y)

LET Z=EXM (2,"PLUS",1)

Legal values for A$ are strings beginning with "PL" for "PLUS"

and "MI" for "MINUS".
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EXM,

TAD I SACP
TAD PL
SZA CLA
JMP EMINUS
DCA INSAV

JMS I ARGPRL
JMS I FADDL

ARGPRL, ARGPRE
JMP I EXM

EMINUS, TAD' I SACP
TAO Ml
SZA CLA
JMP I IAL
DCA INSAV
JMS I ARGPRL
JH3 I "SuBu

SACP, SAC
JMP I EXM

PL, -2014
MI, •1511
FADDL, FFADD
FSU8L, FF8UB
IAL. IA

/ENTRY POINT
/INDEX REGISTER 5 POINTS TO SAC
/GET FIRST 2 CHARS OF AS FROM SAC
/CQMPAR THEM TO "PL"

/NOT "PLUS"-CHECK FOR "MINUS"
/OPERATION IS PLUS-INIT ARGRE TO GET
/SCALAR
/FIND Y, X IS ALREADY IN FAC
/X + Y

/THIS LOC SKIPPED BY FADD
/OONE-RETURN WITH RESULT IN FAC
/FIRST TWO CHARS OF SAC AGAIN
/COMPAR TO MI
/IS IT "MINUS"?
/NO-ERROR
/YES-SET UP ARGPRt FOR ENTRY
/FIND Y. X IS ALREADY IN FAC
/ X - T

/.THIS LOC SKIPPED BY FSU8
/RETURN mlJH VALUE IN FAC
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If the function is to return any value, that value should be left

in the FAC on return. The user function must always return by a

JMP I through the entry point.

To generate a fatal IA (illegal argument) error message, perform

a JMP to location IA in BRTS.

USING THE USE STATEMENT
If the assembly language function needs to know the location of

an array (for buffer space, multiple argument passing, array argu-

ment), the USE statement is necessary. The USE statement places

the octal number for the array specified into location USECON.
By using this value as an index into the Array Symbol Table, the

array specified can be located and used by the assembly language

function, as necessary.

For example: The hypothetical assembly language function PLT
requires a 100 word buffer. To assure allocation of this buffer, the

BASIC user of PLT is instructed to dimension a 34 element array

and use it in a USE statement before calling the PLT function.

In BASIC:

10 REM DEFINE THE USER FUNCTION
20 UOEF PUT CX,Y)
30 REM ALLOCATE A 34 ELEMENT (102 WORDS) ARRAY FOR A BUFFER
40 DIM 8(345

The function PLT finds B as follows:

100 USE B

110 Y«PLT(3,2.8)
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PLT,
TAD USECQN /GET ENTRY NUMBER OF B

CLL TRL /MULTIPLY BY a (EACH ARRAY TABLE ENTRY
/IS 4 WORDS LONG)

TAO ARSTRT /MAKE POINTER INTO ARRAY TABLE
OCA XR5 /AND SAVE IT
TAD CDFIO /GET CDF TO SYMBOL TABLE FIELD
OCA /+i /PUT INTO LINE

/CHANGE DF TO SYMBOL TABLE FIELD
TAD I XR5 /GET POINTER TO B(0)
DCA BPTR /SAVE FOR LATER
TAD I XR5 /GET ARRAY DIMENSION 1

DCA DIM!
TAD I XR5 /GET ARRAY DIMENSION 2

Note that the USE statement merely passes an array entry number

to the assembly language function; all actual parameters must be

obtained from the Array Symbol Table using that entry number as

an index. Note also that the physical location of arrays passed in

such a fashion can be almost anywhere in core, and a field

boundary may fall within the array.

BRTS I/O

TERMINAL I/O

BRTS drives the terminal asynchronously by maintaining a 40

character terminal output buffer and regularly calling subroutine

XPRINT. The procedure is as follows:

1

.

Characters are inserted into the terminal ring buffer by calling

subroutine XPUT. If the ring buffer is full, XPUT waits

until a character is printed and a slot is free.

2. BRTS regularly (at least once every pseudo-instruction) calls

subroutine XPRINT. XPRINT acts as follows:

a. If the terminal flag is not set, XPRINT returns.

b. If the terminal flag is set, the buffer is checked for any

more characters. If it is not empty, the next character is

printed (via TLS) and XPRINT returns.
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XPRINT returns to the instruction following the calling IMS if

there are characters waiting in the ring buffer. If the ring buffer is

empty," XPRINT skips the next instruction before returning. This

scheme allows BRTS to do other things for most of the 100

milliseconds necessary to print a character, without turning the

interrupt on. It requires periodic calls to XPRINT, but the over-

head is still considerably less than the time wasted waiting for the

terminal flag.

Assembly language functions are free to use the ring buffer (it is

emptied before the function is called), or they may choose to per-

form simple terminal I/O (TLS, TSF, JMP.-l). If terminal I/O is

performed other than ring buffered I/O, the terminal flag must be

set when the user function returns to BRTS. Note that the assembly

language function need not call XPRINT; it may choose to place

characters in the ring buffer, and let BRTS empty it after the

assembly language function has returned.

BRTS FILE FORMATS
BASIC files are formatted as follows:

1

.

Numeric files—Numeric files are formatted as consecutive

3 word floating-point numbers, 85 to each 256 word OS/8

block. The last word in each block is unused. There is no

end-of-file marker.

2. ASCII Files—ASCII files are stored in OS/8 ASCII format,

that is, 3 8-bit characters packed to every two words as

follows:

3 4 11

HI ORDER CHAR 3 CHAR 1

LO ORDER CHAR 3 CHAR 2

The end of the file is marked with a CTRL/Z character.

BRTS BUFFER SPACE
Locations 10000-12000 in BRTS are devoted to file buffer

space. Buffers are allocated as they are needed, the lowest free

buffer always being allocated first. A map of currently allocated
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buffers is maintained on page 0, called BMAP. Bits in the map are

on if the buffer is allocated, off if the buffer is free. Bit 1 1 repre-

sents the buffer from 10000-10377, Bit 10 for 10400-10777; Bit

9 for 11000-11377; and Bit 8 for 11377-11777. If any of the

buffers are not available because the pseudo-code or variable space

extends below 12000, the corresponding BMAR bits are set when
BRTS is started.

BRTS DEVICE DRIVER SPACE
Locations 7000-7577 are devoted to space for OS/8 device

drivers. Both one and two page handlers may be loaded; a map of

these three pages is maintained at DMAP. Page 7000-7177 is

represented in Bit 11; Page 7200-7377 in Bit 10, and 7400-7577

in Bit 9.

- Note that assembly language functions that are used in programs

which do not require more than one or two files open at once may
wish to use some of this driver and buffer space for# their own
purposes. This space can be allocated by setting appropriate bits in

BMAP. and DMAP. After the bits are set, BRTS will not use this

space in subsequent FILE commands.

THE BRTS I/O TABLE
BRTS keeps track of the status of each of the up to four files

which may be open simultaneously by means of the I/O table.

Starting at F1LE1, it has four 13-word entries, labeled PILE1,

FILE2, FILE3 and FILE4. Each name corresponds to the number

specified in the file statement which opened that file, and the format

of each entry is as follows:

HEADER WORD
STARTING ADDRESS OF BUFFER (IN FIELD 1)

CURRENT BLOCK IN BUFFER
READ/WRITE POINTER INTO BUFFER
HANDLER ENTRY POINT
STARTING BLOCK NUMBER FOR FILE
ACTUAL FILE LENGTH
MAXIMUM FILE LENGTH
POSITION OF PRINT HEAD (FOR COLUMN FORMAT-
TING)
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FILENAME
FILE NAME
FILE NAME
FILENAME

The header word bits have significance as follows:

Bit Positions Meaning

0-3 OS/8 number for device

4-5 Current character number for unpacking ASCII

files

6 if the current buffer load has not been changed

1 if current buffer load has been altered

7 if device is file structured

1 if device is read/write only

8 if the handler is 1 page long

1 if it is a 2 page handler

9 if file is fixed length

1 if variable length

10 if more data in file

1 ifEOF has been seen

11 if file numeric

1 if file ASCII

Interfacing The Assembly Language Function To BRTS
All assembly language functions are subroutines, called by a

JMS through the User Function Table. This table, which begins at

location 1560 in BRTS, contains absolute pointers to the starting

addresses of each of the user assembly language functions. User

functions must be origined to run between 3400 and 4577, and

must return to BRTS via a JMP I through the user function start-

ing address. To interface a set of user functions to BRTS, perform

the following operations:
*

1. Assemble all the user assembly language functions (up to

16io) together. They must fit between 3400 and 4577, but

may be anywhere within that space.

.R PAL8
*USER.BNHJSER.PA
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2. Load the user functions into core with the Absolute Loader,

and save locations 3400-4577 as the file BASIC.UF, which

is the user overlay.

.R ABSLDR
*USER.BN$
.SAVE SYS:BASIC.UF 3400-4577

3. Using OS/8 ODT, modify the User Function Table in

BRTS which starts at 1560, entering pointers to the user

assembly language functions. Unmodified table entries are

2408 ; replace these entries with the starting addresses

(pointers) to the user assembly language function. Starting

at location 1560, enter the pointers in the table in the exact

corresponding order in which the functions appear in the

UDEF statement which defines them.

.GET SYS:BRTS

.ODT
1560/240 3400 (LF)

1561/240 3410

TC

.SAVE SYS:BRTS

On the procedure above two functions are interfaced which

start at locations 3400 and 3410 respectively. LF indicates

pressing the LINE FEED key.

Example: There are three assembly language functions in our

package, called PLT, HI, and LO. The BASIC user is instructed

that when he uses this function package, PLT, HI and LO must be

defined in that order. The function files, then, look like:

Function Source (USER.PA)

*3400
HUT, /ENTRY POINT FQR HI

/ORDER OF ENTRY POINTS IS
/NOT CRITICAL

JMP I HI
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PIT, /ENTRY POINT FOR PLT

JMP I PLT
LO» /ENTRY POINT FOR LO

JMP I L.0

To enter these three functions into the User Function Table in

BRTS, the procedure is:

.GET SYS:BRTS

.ODT
1560/240 PPPP (LF)

1561/240 HHHH (LF)

1562/240 LLLL
TC

.SAVE SYS:BRTS

where PPPP, HHHH, and LLLL represent octal starting addresses

for PLT, HI, and LO respectively. LF indicates pressing the LINE
FEED key.

NOTE
BRTS establishes calls to the user function

by setting up a one-to-one correspondence

between-the pointers at 1560 and the func-

tion names present in a UDEF statement.

Therefore, the order of the pointers must

exactly correspond to the order of the func-

tion definitions in UDEF. If the BASIC
user wants to use only the nth function in a

given user package, he must still define n

functions in the UDEF statement, though

the first n-1 may be dummies.

For example: A package of eight assembly

language functions that use arguments as

follows:
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ONE (X)

TWO (X,Y)

THR (X,Y,Z)

FOU (X,Y,Z,A)

FIV (X,Y,Z,A,A$)

SIX (X,Y,Z,A,A$,B$)

SEV (X)

If a BASIC user wishes to use only

function ONE, the UDEF would look like:

10 UDEF ONE (X)

If the BASIC user wants to use functions

ONE and EIG, the UDEF would look like:

10 UDEF ONE(X),DUA(D),DUB(D),
DUC(D),DUD(D),DUE(D),DUF(D),
EIG(Y)

For this user, DUA through DUF are dum-
my user function names which are never

called; they merely set up the right corre-

spondence between names and pointers.

The easiest way to assure that the pointers

are established correctly is to provide the

user of an assembly langua°e function pack-

age with a set of complete UDEF statements

that define all functions correctly, and in-

struct him to use the complete set of

UDEF's each time.

General Considerations And Hints

ROUTINES UNUSABLE BY ASSEMBLY LANGUAGE
FUNCTIONS
^Because the assembly language functions reside in the overlay

buffer when executing, they cannot use any routines that reside in

any of the three other overlays. Following is a list of the BRTS
functions and routines that are not callable from the assembly

language function overlay.
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Routine Name Function

FFATN Arctangent Function

FFCOS Cosine Function

FFEXP Exponential Function (ex)

EXPON Power Function (AB)
INT Signed integer Function

FFLOG Naperian log Function

SGN Sign Function

FFSIN Trigonometric Sine Functic

RND Random Number generator

FROOT Square root Function

ASC String Function ASC
CHR CHR$ Function

DATE DAT$ Function

LEN String length Function

POS String search Function

SEG String segmenting Function

STR STR$ Function

VAL VAL Function

TRC Trace Function

Routine Name Function

CHAIN
CLOSE
OPENAF
OPENAV File manipulation Routi

QPENNF
OPENNV

USING OS/8
So long as the assembly language function is carefully designed

to protect all core areas being used by BRTS, there are no restric-

tions on the function's use of OS/8. Once the page 17600 resident

monitor has been restored, the OS/8 User Service Routine (USR)

may be called at will, and files may be located, used, and closed

again. If the user's BASIC program does not need full file capabili-

ties, the assembly language function is free to use the driver space

from 7000-7577 and the buffer space from 10000-17777. The

assembly language function should be careful, however, to check

the bit maps and status words on page to make certain a given
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area is free before using it. Note that the system device driver may
be used without restoring the page 17600 resident: restoration is

only required when it is desired to use the USR.
OS/8 runs with the interrupt off, and as an OS/8 based pro-

gram, BASIC does not use the interrupt facility. Locations 0-2,

however, in BRTS have been left free for any assembly language

functions which wish to use the interrupt facility. Prior to turning

on the interrupt system, an assembly language function must clear

oil tVtt* flairc Ipft prAiinH V\\t fl-iA O^ /& lion^lprc onrl \\f*fnrt* rptnrn_Ull HIV J.JLU.£,U JLWJ.V UlVUliU «_/Jf UXV VXfc-*-/ \-f AJ.CH-iVtAVA LJ 5 UHV1 ^VJLVXV XWIUXU

ing the function must turn off the interrupt system and set the

TTY flag.

PAGE USAGE
Following is a map of the BRTS page usage. Locations

marked with an * may be used by the assembly language function

without saving the contents.

Locations

0-2 * Interrupt vector

3-7 System parameters and temps

10-15 * Index registers

16-17 System pointers

20-30 Compiler-BRTS communication

30-36 System registers

37-62 Floating-point package area

63-67 System registers

73-107 Constants

110-161 Links to BRTS subroutines

1 62-1 77 I/O Table pointers

Assembly language functions are free, of course, to use any of the

pointers or constants, but they must be intact when control is re-

turned to BRTS.

Assembly Language Function Examples

To illustrate the material in the previous sections, two examples

of a complete assembly language function follow. The first exam-

ple, which we call PLY, evaluates a second degree polynomial of

the form ax"±bx± c. It requires six arguments: X.A,R1$,B
;
R2$,C.

X is the variable; A,B and C are the coefficients, and Rl$ and R2$

are the signs of the first order and constant term, respectively.
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Legal values for Rl$ and R2$ are "+" and "-"; any other string

causes an error message to be printed. Note that this example is

tutorial in nature; it is meant to illustrate argument passing and

floating-point operations rather than a typical use for assembly

language functions.

The second example, ADC, is an example of an actual assembly

language function which samples an AD8-EA analog to digital con-

verter. It was written as part of a user function package intended

for laboratory use.

Example 1: PLY
In BASIC:

10 UDEE PLY (X,A,R1$,B,R2$,C)

1000 PRINT PLY (Z,l,"+",2,"+",l)

The pointer for PLY is 3460 and the function is coded as follows:

/LOCATIONS IN BRTS
/VALUES WERE OBTAINED FROM SYMBOL

XR1«10
XPUT-122
FFADD»6000-
FFSUB«6117
FFMPY«5600
STRLEN»J2
SAC»321
INSAV»b4
STFIND»1666
STRCNT»71
STRPTR»72
FPUTL«135
FGETL«134
ARGPRE»307
FFSQ«6347

*1560
PLY /LINK TO FUNCTION FOR BRTS

*3400 /ASSEMBLY LANGUAGE FUNCTION OVERLAY STARTS
/AT 3400

/SUBROUTINES USED BY THE FUNCTION PLY

/SUBROUTINE SEVAL-USE0 TO DETERMINE IF LEFT HALF OF AC CONTAINS
/A »«'' OR '<-». IF »•• /LOADS THE OCTAL EQUIVALENT OF "JMS I FAD0L"
/INTO THE AC AND RETURNS. IF "-"'

, LOADS THE EQUIVALENT OF
/JMS I FSUBL INTO THE AC AND RETURNS. IF THE CHARACTER IS EQUAL
/TO NEITHER, IT TYPES AN ERROR MESSAGE ON THE TERMINAL AND EXITS
/FROM THE FUNCTION

SEVAL,
OCA SCNTV /SAVE AC IN TEMPORARY
TAD SCNTV
AND K7700 /STRIP TO LEFT CHARACTER
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TAD MPLUS /COMPARE TO "»
SZA CLA /IS IT A »«?
JMP MC /NO-CHECK FOR A "•«

TAD JM8A0D /YES-LOAD AC WITH »JM3 I FADOt"
JMP I SEVAL /RETURN

MC, TAD SCNTV /GET ORIGINAL AC VALUE AGAIN
ANO K7700 /STRIP TO LEFTMOST CHAR
TAD HMINUS /COMPAR TO «<•"

SZA CL* /IS IT »-»?

JMP SERR /NO-A* ILLEGAL STRING ARGUMENT HAS BEEN PASSED
TAO JMS5UB /YES-LOAD AC WITH "JM3 I FSUBL"
JMP I SEVAL /AND RETURN

SERR, TAD EMESSA /A0ORE3S OF ERROR MESSAGE -1
rjji wci /Twnrv orcTSTgR i DQTWTg to FBBQB MESSAGE

ELOOP, TAO l"xRl '/GET CHAR OF ERROR MESSAGE
SNA /IS IT 0? C0 TERMINATES MESSAGE}
JMP I PLY /YES-FUNCTION COMPLETE-RETURN TO BRTS
JMS I XPUT /NO-PUT CHARACTER IN RING BUFFER
JMS ELOOP

JMSADDi
JMSSUBf

JMS I FADDL
JMS I FSUBL

MPLUS, -5300
MMINUS, -5500

EMESSA, EMESS-1
EMESS, 311 / I

314 / L
314 / L
305 / E

307 / G
301 / A

314 / L

240 /

323 / S

311 / I

307 / G
31b / N

215
212 /CR,LF

/TERMINATES MESSAGE

/WHOSE COUNT IS IN THE AC IS LONGER THAN 1 CHARACTER, MAKING IT

/AN ILLEGAL SIGN SPECIFICATION, AND THE ABOVE ERROR MESSAGE IS

/PRINTED. IF SO, IT CLEARS THE AC AND RETURNS,

SCNTV,
IAC
SZA CLA
JMP SERR
JMP I SCNTV

/BUMP AC BY 1

/SHOULD NOW BE

/IT IS NOT, SO PRINT ERROR MESSAGE
/RETURN

/THE BODY OF THE FUNCTION ITSELF

PLY, /ENTRY POINT
TAD STRLEN /GET LENGTH OF THE STRING IN THE SAC (R1S3

JMS SCNTV /MAKE SURE IT IS ONLY 1 CHARACTER LONG
TAD I SAC? /SET THAT 1 CHARACTER FROM THE SAC

JMS SEVAL /GET THE CORRESPONDING ROUTINE CALL INTO THE AC

DCA OP1 / AND PLACE IT IN LINE
DCA INSAVE /SET UP STFIND TO GET STRING TABLE ENTRr 0CR2S)

CLL /HE WANT REGULAR STRINGS, NO STRING ARRAYS

JMS I STFINL /FIND STRING ARGUMENT 2 CR2S3

DCA STCDF /PUT THE CDF IN LINE WHERE ITS NEEOED
TAD STRCNT /GET COUNT FOR STRING R2S
JMS SCNTV /MAKE SURE IT'S -1

STCDF, . /CHANGE OF TO FIELD OF STRING R2S

ISZ STRPTR /BUMP STRING POINTER PAST COUNT WORD
JMP NOSKIP ' /IF ISZ DOESN'T SKP,THE STRING IS WITHIN 1 FIELD

/IF ISZ DOES SKP, THERE IS A FIELD BOUNDARY
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RDF
TAO CDF10
DC* .+1

NOSKIP, TAD I STRPTR
COF
JMS SEVAL
OCA OP2
JMS I FPUTL
X

JMS I FFSQL
OCA INSAV
JMS I ARGPRL
JMS I FMPYL

ARGPRL, ARGPRE
JMS I FPUTL
AXSQD
IAC
OCA INSAV

CDF10,

OP1,

OP 2,

JMS I ARGPRL
JMS I FGETL
CDF 10
JMS I FMPYL
X

JMS I FPUTL
BX

JMS I FGETL
AXSQD

BX

IAC
CLL RAL
OCA INSAV

JMS I ARGPRL

K7700, TT00
JMP I PLY

/WITHIN THE STRING ANO WE MUST BUMP THE DATA
/FIELD BY 1

/READ CURRENT OATA FIELD
/MAKE A COF INSTRUCTION, INCREASING DF BY 1

/STORE THE NEW CDF IN LINE
/CHANGE BY 1

/GET CHARACTER IN STRING

/ANO GET THf OPERATION IT REPRESENTS
/PLACE THAT OPERATION IN LINE
/SAVE X, WHICH WAS IN THE FAC ON CALL

/X*2 ,

/ARG A CAN BE FOUND AT SCALAR TABLE ENTRY
/FIND THE ADDRESS OF A

/USE IT AS THEADDRESS TO PASS TO THE MULTIPLY
/ROUTINE
/THIS WORD IS SKIPPED BY MULTIPLY ON RETURN
/SAVE A*X"2
/

/THE THIRD NUMERIC ARGUMENT (B) IS FOUND AT
/SCALAR TABLE ENTRY t

/FIND THE ADDRESS OF B

/AND USE IT. -IN A MOOE CALL TO FGET
/THIS LOCATION IS SKIPPED BY FGET ON RETURN
/B*X

/SAVE B*X

/LOAD FAC MITH A*X*2

/THIS LOCATION IS LOADED WITH A CALL TO THE ADD
/Oft SUBTRACT ROUTINE, DEPENDING ON THE VALUE
/OF .RIS. IN EITHER CASE, THE OPERAND IS BS

/2 IN THE AC
/THE FOURTH NUMERIC ARGUMENT (C) IS FOUND
/IN SCAL*R TABLE ENTRY 2
/FIND THE ADDRESS OF C

/THIS LOCATION IS LOADED WITH A CALL TO ADO
/OR SUBTRACT, DEPENDING UPON THE VALUE OF R2S
/IN EITHER CASE, IT IS A MODE TwO CALL WITH
/THE OPERAND BEING C
/THIS INSTRUCTION IS SKIPPED ON THE RETURN
/RETURN FROM THE FUNCTION-ANSWER IS IN THE FAC

FADDL,
FSUBL,
FMPYL,
SACP,

FFADD
FFSUB
FFMPy
SAC

STFINL, STFIND
FFSOL, FFSQ

/FLOATING POINT STORAGE

BX,

AXSQD,
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Example 2: ADC
Assembly language function ADC comes from a laboratory package

of 1 1 routines, of which ADC is the eighth. ADC accepts one argu-

ment, the number of the channel to be sampled, and returns the

channel reading.

In BASIC:

IB UDEF OUA£D),!>U'BCD),DUC(O),0U0(D),0UECO},DUF(DJ,DUGC0),ADC(Nl
20 REM SINCE ADC IS EIGHTH FUNCTION! IN PACKAGE,
30 REM IT MUST BE EIGHTH FUNCTION IN UDEF
40 REM FIRST SEVEN ARE DUMMIES
30 YbADC(0}
40 PRINT Y

50 END

Modify the User Function Table in BRTS as follows:

.GET SYS BRTS

. ODT

1560/0240
01561 Z0240
01562 /0240
01563 /0240
01564 Z0240
01565 Z0240
01566 V0240
01567 Z0240 4416
tC
.SAVE SYS: BRTS
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ADC is coded as follows:

*4416
INTL 114 /BRTS LOCATIONS
EXP = 44 /TAKEN FROM
HQRD « 45 /SYMBOL TABLE
LORD * 46
FNORL a 136

ADC, /ENTRY POINT
JMS T INTL /FIX ARG TO INTEGER
ADLM /LOAD MULTIPLEXER
ADST /START CONVERSION
ADSK /WAIT FOR COMPLETION FLAG
JMP .-1
AORB /READ VALUE
DCA EXP
JMS FF-LOT /CONVERT TO FLOATING POINT
JMP I ADC /RETURN WITH READING IN FAC

/AD6-EA IQTS
ADLM c 6531 /LOAD MULTIPLEXER FROM AC

ADST * 653? /START CONVERSION
ADR6 * 6533 /READ A/D BUFFER
ADSK s fc534 /SKIP ON A/D DONE

/ROUTINE TO CONVERT 12-BIT INTEGER IN EXP INTO
/FLOATING POINT NUMBER IN FAC

FFLOT,
TAD EXP
DCA HORD /PUT NUMBER IN HI MANTISSA
OCA LORD /ZERO LOW MANTISSA
TAD K13
OCA EXP /INITIALIZE EXPONENT TO 11C10)
JMS I FNORL /NORMALIZE
JMP I FFLOT /RETURN

K13, 13
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Table 6-1 OS/8 BASIC Language Summary

ELEMENTARY OS/ 8 BASIC STATEMENTS

Statement Example Form

CHAIN CHAIN DEV:
Filename.Sx

DATA DATA xl,x2,...,xn

Meaning

Stops execution of the cur-

rent program, retrieves the

program named in the
OUATTsJ ctofamont f-~™ +U~v^J-Ai^AA^i JiaivlJiWlll 11U1X1 LUC

specified device and file,

compiles the chained pro-

gram and begins execution

of the program.

Values xl through xn are to

be associated with corre-

sponding variables in a

READ statement. The val-

ues may be either numerics
or strings. Strings must be
enclosed by quotation

marks.

DEF

DIM

DEF FNB(x) = f(x) The user may define his own
DEF FNB(x,y) = f(x,y) function to be called within

his program by putting a

DEF statement at the begin-
TtinfY /%T rt nrrt (Trnm ' I "1> rt*»»"£, *-*-»- t* ^JkKJ^i. Uli.1. A lit

function name begins with
FN and must have three let-

ters. The argument list in

the function may contain as

many as 4 numeric and 2
string arguments.

For numerics: Enables the user to create a
DIM vl(nl), v2(n2,m2) table or array with the speci-

fied number of elements
where v is the variable name
and n and m are the maxi-
mum subscript values. Any
number of arrays can be di-

mensioned in a single DIM
statement.
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Table 6-1 OS/8 BASIC Language Summary (Cont.)

Statement Example Form Meaning

For strings:

DIM vl$(I),v2$(K,L)

END

FOR-TO-
STEP

END

FOR v=xl TO x2
STEPx3

GOSUB

GO TO or

GOTO

IF-GOTO

IF-THEN

GOSUB x

GO TO n or

GOTO n

IF f 1 r f2 GOTO n

IF fl r f2 THEN n

I is the length of string vari-

able vl$, K is the number
of strings and L is the length

of strings of string variable

v2$. Strings longer than 8

characters must be dimen-
sioned. String tables are il-

legal.

Last statement in the pro-

gram. Signals completion of

the program.

Used to implement loops;

the variable v is set equal to

the expression xl. From this

point the loop cycle is com-
pleted following which v is

incremented after each cycle

by x3 until its value is

greater than x2. If STEP x3
is omitted, x3 is assumed to be

+ 1. x3 may also be nega-

tive. If x3 is positive and
xl>x2, the loop is never

executed.

Allows the user to enter a
subroutine at several points

in the program. Control
transfers to line x.

Transfers control to line n
and continues execution
from there.

Same as IF-THEN.

If the relationship r between
the expressions fl and f2 is

true, transfers control to line

n; if not, continues in regu-

lar sequence. If fl and f2
are strings they are com-
pared on the basis of the
ASCII numeric value of
each character in the string.
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Table 6-1 OS/ 8 BASIC Language Summary (Cont.)

Statement Example Form Meaning

INPUT INPUT vl,v2,...,vn Causes typeout of a ? to the

user and waits for the user

to supply the values of the

variables vl through vn.

LET

NEXT

LET v = f

NEXJv

Assigns the value of the ex-

pression f to the variable v.

The word LET is optional.

Used to tell the computer to

return to the FOR statement

and execute the loop again

until v is greater than or

equal to terminal value in

FOR statement (or v is ^
terminal value if increment

<0).

PRINT PRINT al,a2,...,an Prints the values of the spec-

ified arguments, which may
be variables, text, or format

control characters (, or ;).

RANDOMIZE RANDOMIZE Generates new sets of- ran-

dom-numbers.

READ READ vl,v2,...,vn

REM REM

RESTORE RESTORE

Variables vl through vn are

assigned the value of the

corresponding numbers or

strings in the DATA list.

When typed as the first three

letters of a line everything

between REM and end of

line is ignored to allow typ-

ing of remarks within the

program.

Sets pointer back to the be-

ginning of the list of DATA
values.
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Table 6-1 OS/8 BASIC Language Summary (Cont)

Statement Example Form Meaning

RETURN

STOP

UDEF

RETURN

STOP

UDEF function name
(arguments)

USE USE vl,v2,...,vn

OS/ 8 BASIC FILE STATEMENTS

CLOSE CLOSE #N:

FILE #
FILEV #
FILEN #
FILEVN #

FILE #n:s
FILEV #n:s
FILEN #n:s
FILEVN #n:s

Transfers control to the

statement following the last

GOSUB.

Terminates execution at that

point at which the statement

is reached in the program.

The UDEF statement is used

to define the syntax of a call

to a user-coded machine

language function (function

name) with its associated

arguments.

The USE statement identi-

fies lists and arrays refer-

enced by a user-coded ma-
chine language function.

Closes a file N previously

opened by a FILE#N state-

ment where N is the numer-

ical expression for the file

number.

These statements, respec-

tively, open a fixed length

ASCII, variable length

ASCII, fixed length nu-

meric, and variable length

numeric file, where n has a

value of from to 4 and s

is a string expression with a

value of DEV:FILE.EX.

INPUT #

IF END #

INPUT #N: vl,v2,...,vn Reads vl through vn from
file number N.

IF END'#N THEN n If an attempt has been made
to read or write beyond the

last datum in file number N,

control passes to line num-
ber n.
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Table 6-1 OS/8 BASIC Language Summary (Cont.)

Statement Example Form Meaning

PRINT # PRINT #N: al,a2,...,an Writes the values of the

arguments into file number
N.

PRSTOPB -H- PKQTOPT7 -W-M

OS/ 8 BASIC CONTROL COMMANDS

BYE BYE

S!*»tc nnintpr hack to heoiri-

ning of file number N.

CTRL/C CTRL/C

Exits from BASIC and re-

turns control to Keyboard
Monitor.

Stops execution of program

and returns control to OS/ 8

BASIC editor. In editor

mode returns control to

OS/ 8 Keyboard Monitor.

CTRL/O CTRL/O

LIST LIST
LI LI

LISTn LISTn
T T «
j-ri 11

LISTNH LISTNH
LISTNH n LISTNH n

NAME NAME FILE.EX
NA NA FILE.EX

NEW NEW FILE.EX
NE NE FILE.EX

OLD OLD DEV: FILE.EX
OL OL DEV: FILE.EX

RUN RUN
RU RU

Stops the listing of text and

returns control to BASIC
editor.

Lists program with heading.

Lists program starting from

iuiv ai, ¥V A. til uvuvtxn^,

Same as LIST and LIST n,

but heading suppressed.

This statement renames the

current program in user

core.

Used to name a program to

be created. Performs an in-

herent SCRATCH.

Performs inherent
SCRATCH and retrieves a

previously created file from

the device specified.

Compiles and executes the

program currently in core,

with heading.
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Statement Example Form Meaning

RUNNH RUNNH Compiles and executes the

program currently in core,

with heading suppressed.

SAVE
SA

SAVE DEV:FILE.EX
SA DEV:FILE.EX

Saves the current program

on the device specified.

SCRATCH
SC

SCRATCH
SC

Deletes all program state-

ments from user core.

OS/ 8 BASIC FUNCTIONS

Function Meaning

ABS(X) This function returns the absolute value of the argu-

ment X.

ASC(X) This function returns the decimal ASCII number (see

Appendix A) corresponding to the character X.

. ATN(X) This function calculates the angle (in radians) whose

tangent is given by the argument X.

CHR$(X) X is a numeric expression (modulo 64) which, is trun-

cated to an integer. The decimal integer is converted

to its equivalent ASCII character (see Appendix A).

COS(X) The cosine function is used to calculate the cosine of

an angle specified in radians.

DAT$(X) This function returns the data in the form MM/DD/
YY. The argument X is a dummy argument.

EXP(X) This function calculates the value of e( 2.7 1828)

raised to the X power.

FNA(X) Used with a DEF statement to. define a user function.

Thereafter used as any other function.

INT(X) This function returns the greatest integer less than

the value of the argument X.

LEN(X$) This function returns the number of characters in

string X$.

LOG(X) The LOG(X) function calculates the natural loga-

rithm of X.
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Table 6-1 OS/8 BASIC Language Summary (Conk)

Function Meaning

PNT(X)

POS(X$,Y$,Z)

RND(X)

SEG$(X$,Y,Z)

SGN(X)

SIN(X)

SQR(X)

STR$(X)

TAB(X)

TRC(X)

VAL(X$)

This function, which can only be used in a PRINT
statement, outputs the character whose decimal ASCII
value is X. This function is useful for outputting non-

printing characters.

This function returns the location in string X$ of the

first occurrence of string Y$ starting with the Zth

character in string X $.

This function returns a random number, between
and 1.

This function returns the substring of X$ which is be-

tween positions Y and Z inclusively.

The sign function returns the value 1 if X is any posi-

tive number, if zero, and — 1 if any negative number.

This function is used to calculate the sine of an angle

specified in radians.

The square root function computes the square root of

the absolute value of an expression.

This function converts the numeric value of X to a

string which is its decimal representation.

This function which can only be used in a PRINT
statement, moves the print head to position X.

This function turns on the trace feature if x = 1 and
turns off the trace feature if x = 0. When the trace

feature is on, line numbers are printed between per-

cent signs as the lines are encountered in the program.

The feature is useful when debugging programs.

This function returns the number represented by the

string X$ which is the decimal representation of a

number.
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Compile-Time Diagnostics

Compile-time diagnostic messages typed out by OS/8 BASIC are

in the form:

XX YY

where XX is the diagnostic code and YY is the line number at

which the error occurred.

Table 6-2 Compile-Time Diagnostics

Diagnostic Code Explanation

CH Error in CHAIN statement.

DE Error in DEF statement.

DI Error in DIM statement syntax or string dimension

greater than 72, or array dimensioned twice.

FN Error in file number or filename designation.

FP Incorrect FOR loop parameters or FOR loop syntax.

FR Error in function arguments or function not defined.

IF THEN or GOTO missing from IF statement, or bad

relational operator.

10 I/O error.

LS Missing equal sign in LET statement.

LT Statement too long (greater than 80 characters).

MD Line number defined more than once. YY equals

line number before line in error.

ME < Missing END statement.

MO Operand expected, not found.

MP Missing parenthesis or error in expression within

parentheses.

MT Operand of mixed type or operator does not match

operands (e.g., A$=l and A&2 are both incorrect).

NF NEXT statement without corresponding FOR state-

ment.

NM Line number missing after GOTO, GOSUB, or

THEN.
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Table 6-2 Compile-Time Diagnostics (Cont.)

Diagnostic Code Explanation

OF Output file error.

PD Pushdown stack overflow. Result of either too com-
plex a statement (or statements) or too many nested
FOR-NEXT loops.

QS String literal too long or does not end in quote.

SS Subscript or function argument error.

ST Symbol table overflow due to too many variables,

line numbers, or literals. Combine lines using back-
slash (\) to condense program.

SY System incomplete. System files such as BASICSV,
BCOMP.SV, and BRTS.SV missing.

TB Program too big. Condense or CHAIN.

TD Too much data in program.

TS Too many total characters in the string literals.

UD Error in UDEF statement.

UF FOR loop without corresponding NEXT statement.

US Undefined statement number, (i.e., statement num-
ber mentioned in statement is not in program.

)

UU Incorrect or missing array designator in USE state-

ment.

XC Extra characters after the logical end of line. (E.g.,

LET A=B.D—the dot after the B suggests that B
is the end of the line and the characters .D appear
extraneous.)

Run-time Diagnostics

Run-time diagnostic messages typed out by OS/8 BASIC are in the

form:

XX AT LINE YYYYY
where XX is the diagnostic code and YYYYY is the line number
at which the error occurred. Most runtime errors stop execution of
the program. Those errors which do not stop the program are

termed non-fatal (NF) and are indicated below.
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Table 6-3 Run-time Diagnostics

Diagnostic Code Explanation

BO No more file buffers available.

CI Inquire failure in CHAIN. Device not found.

€L Lookup failure in CHAIN. Filename not found.

DA Attempt to read past end of data list.

DE Device driver error. Caused by hardware 1/O failure.

DO No more room for drivers. Too many different de-

vices used in file commands.

DV Attempt to divide by 0. Results is set to zero. (NF)

EF Logical end of file. Usually caused when I/O device

runs out of medium.

EM Attempt to exponentiate a negative number to a

power.

EN Enter error in opening file. Device is read only or

there is already one variable file open on that device

or file not found.

FB FILE busy. Attempt to use a file already in use.

FC OS/ 8 error while closing variable file. Device is read

only on file closed already.

FE Fetch error in opening file. Device not found, or de-

vice handler too big for available space.

FI Attempt to close or use unopened file.

FM Attempt to fix minus number. Usually caused by

negative subscripts or file numbers.

FN Illegal file number. Only 0,1,2,3,4 are legal.

FO Attempt to fix number greater than 4095. Usually

caused by negative subscripts of file numbers.

GR RETURN without a GOSUB.

GS Too many nested GOSUBs. The limit is 10.

IA Illegal argument in UDEF function call.

IF Illegal DEV: filename specification.

IN Inquire failure in opening file. Device not found.
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Table 6-3 Run-time Diagnostics (Cont.)

Diagnostic Code Explanation

10 TTY input buffer overflow. Cause input buffer to be

cleared and outputs another ? (NF)

.

LM Attempt to take log of negative number or 0.

vice hardware error.

OV Numeric or input overflow.

PA Illegal argument in POS function.

RE Atempt to read past end of file. (NF)

SC String too long (greater than 72 characters) after

concatenating.

SL String too long or undefined.

SR Attempt to read string from numeric file.

ST String truncation on input. Stores maximum length

allowed. (NF)

SU Subscript out of DIM statement range.

SW Attempt to write string into numeric file.

VR Attempt to read variable length file.

WE Attempt to write past end of file (NF).

OS/ 8 BASIC System Build Instructions

OS/ 8 BASIC is distributed on DECtape and paper tape. The

DECtape version of OS/8 BASIC contains SAVE images (ready-

to-run) 'for each of the OS/ 8 BASIC system components as well

as binaries for each system component. The paper tape distribution

includes binaries for each of the system components. OS/8 BASIC,

then, is distributed as the following files:

File Component Distributed on:

BASIC.BN Binary for editor DECtape and paper tape

BASIC.SV Editor save image DECtape only

BCOMP.BN Compiler binary DECtape and paper tape

BCOMP.SV Compiler save image DECtape only
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BLOAD.BN Loader binary DECtape and paper tape

BLOAD.SV Loader save image DECtape only

BRTS.BN Run-time system binary DECtape and paper tape

(any PDP-8 or PDP-12)

EAEOVR.BN Overlay for KE8/E EAE DECtape and paper tape

(8/E with KE-8E-EAE)
BRTS.SV Run-time system save DECtape only

image (from BRTS.BN)
BASIC.AF Arithmetic function DECtape only

overlay

BASIC.SF String function overlay DECtape only

BASIC.FF File manipulation over- DECtape only

lay

Making SAVE Images from Binary Files:

To create SAVE images of each of the OS/8 BASIC binaries, per-

form the following OS/8 commands.

1. For the editor:

.R ABSLDR
*DEV:BASIC.BN$
.SAVE SYS:BASIC;3011

2. For the compiler:

.R ABSLDR
*DEV:BCOMP.BN$
.SAVE SYS:BCOMP;7000

3. For the loader:

.R ABSLDR
*DEV:BLOAD.BN$
.SAVE SYS:BLOAD;7605

4. For the run-time system:

.R ABSLDR
*DEV:BRTS.BN$ (without KE8/E EAE option)

or

*DEV:BRTS.BN,DEV:EAEOVR.BN$
(PDP-8/E, PDP-8M or

PDP-8F with KE-8E EAE)
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.SAVE SYS:BRTS 0-6777

.SAVE SYS:BASIC.AF 3400-4577

.SAVE SYS:BASIC.SF 12000-13177

.SAVE SYS:BASIC.FF 13400-14577

NOTE
All BASIC system files must reside on the

systems device (SYS:).

5. At this point, BASIC is ready to run.

Assembling the BASIC sources

Instructions for assembling each of the OS/8 BASIC sources

follow. PAL-8 (under OS/8) is used, and the descriptions represent

OS/8 commands. To assemble QS/8 BASIC, a 12K machine is

required. -

The OS/8 BASIC sources are named as follows:

'

NAME.MM

where MM represents the version number. For the first release, the

files are named:

Name Component

BASIC.03 Editor Source

BCOMP.03 Compiler Source

BLOAD.03 Loader Source

BRTS.03 Runtime System Source

1. To assemble the editor:

.R PAL8
*DEV:BASIC.BN<DEV:BASIC03

2. To assemble the compiler:

.R PAL8
*DEV:BLOAD.BN<DEV:BLOAD.03

3. To assemble the loader:

.R PAL8
*DEV:BCOMP.BN<DEV:BCOMP.03

4. The run-time system source is conditionalized for PDP-8/E
with EAE. Assembly instructions for each of the supported

configurations follow.
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To assemble for PDP-12, PDP-8, PDP-8/I or PDP-8/L,

or PDP-8E without EAE, create a source file named

NOEAE.PA with EDIT that works as follows:

EAE=0
PAUSE

Then

.R PAL8
*DEV:BRTS.BN<DEV:NOEAE,DEV:BRTS.03/K

To assemble the run-time system overlay for PDP-8E,

PDP-8F or PDP-8/M with KE-8/E EAE option, prepare a

file called EAE.PA that looks as follows:

EAE=1
PDP8E=1
PAUSE

Then:

.R PAL8
*DEV:EAEOVR.BN<DEV:EAE,DEV:BRTS.03/K

Optimizing System Performance

There are several steps the OS/8 BASIC user can take to speed

up BASIC execution and compilation times, thus speeding up OS/8
BASIC throughput rates.

BYPASSING THE EDITOR
The OS/8 BASIC compiler is constructed such that it will accept

any source file for input. Thus, it is possible to execute an already

existing BASIC program directly, saving the overhead of an OLD
and RUN command to the editor. The format is as follows:

.R BCOMP
*DEV:FILE.BA

If OS/8 BASIC is used in this fashion, it returns to the OS/8
Monitor on completion, rather than the OS/8 BASIC editor.
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Normal Usage Faster Equivalent

.R BASIC .R BCOMP
NEW OR OLD—FILE *FILE

READY
RUNNH
READY

In general, use R BASIC when:

a. Creating new programs or modifying old programs

b. Debugging old programs

Use R BCOMP:

a. To run existing programs

b. In BATCH stream to run BASIC programs

Source files for use by BCOMP must conform to the following rules:

a. There should be no blank lines.

b. Statements must be in the order in which they are to be

executed.

c. Line numbers are only required for statements that are refer-

enced in IF, GOSUB, and GOTO statements. In other words,

if the only way a statement may be reached is for the preced-

ing statement to be executed, it does not require a line num-

ber. In the following example, there are no unnecessary line

numbers.

FOR 1=1 TO 10

IF 1=2 THEN 400

PRINT I

GO TO 410

400 PRINT "TWO".
410 NEXT I

END

Note that the source file can be created in one of two ways: it

may be created in the normal fashion with the OS/8 BASIC editor

and saved (in which case all lines will contain line numbers), or it

may be prepared using any of the other OS/8 editors (EDIT,

TECO). In this second case, the user can take advantage of the

extra features supported by these sophisticated editors over the

OS/8 BASIC editor.
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PLACEMENT OF BASIC OVERLAYS ON SYS:

For DECtape system users, the performance of the system can be

improved by two simple steps:

a. Use a DECtape drive other than DTAO for DSK: (via the

ASSIGN statement).

b. Place the OS/8 BASIC system files as close together on the

SYS tape as possible. The best approach is to make a "BASIC
tape" containing only the OS/8 system, PIP, and the BASIC
system image files.

Both actions have the effect of speeding up OS/8 BASIC by the

simple reduction of the tape motion required for overlaying and

compiling.

PLACEMENT OF FUNCTION CALLS WITHIN BASIC
PROGRAMS

Most of the BASIC functions and file operations reside in one of

the three system overlays. Since the system overlay driver reads in

an overlay only if the function desired is not present in the currently

resident overlay, overlaying overhead can be reduced by the simple

mechanism of placing calls to functions that reside in the same over-

lay as close as possible in the BASIC program. For example:

10 INPUT A$
20 Z$= SEG$(A$,1,6)

30 FILEN #1: Z$
40 INPUT A$ •

50 Z$= SEG$(A$,1,6)

60 FILEN #2: Z$

The above BASIC program uses the first six characters of a string

typed by the user as a file name to open a BASIC file. It uses the

SEG$ function, a File command, the SEG$ function, and the File

command again. Since SEG$ and FILE are in different overlays,

the overlayer will be used four times. A faster way to accomplish

the same operations follows:

10 INPUT A$,B$

20 Z$=SEG$(A$,1,6)

30 X$=SEG$(B$,1,6)

40 FILEN #1: Z$
50 FILEN #2: X$

6-123



The above only overlays twice, saving considerable time in the pro-

gram execution. The functions are grouped in the overlays as fol-

lows:

Overlay 1 (BASIC.AF): SIN,COS,ATN,LOG,EXP,RND,
SQR,SGN,POWER(ATB)

Overlay 2 (BASIC.SF): ASC,CHR$,DAT$,LEN,POS,
SEG$,STR$,VAL

Overlay 3 (BASIC.FF): CLOSE,FILE,FILEN,FILEV,

FILEVN

LAB8/E FUNCTIONS FOR OS/8 BASIC
Introduction

The addition of LAB8/E functions to OS/8 BASIC enables the

user to solve a range of real-time and pseudo^ real-time problems

using a higher-level language. The benefits of approaching real-

time problems using BASIC are numerous. A novice programmer

can solve problems with little or no assembly language expertise,

and in general, the programming effort required for specific prob-

lems is dramatically reduced.

mize functional flexibility rather than to stress simplicity. Slaving

the computer to external events is accomplished by recognizing

Schmitt trigger firings. One of the design goals for the LAB8/E
functions was to utilize memory efficiently for single precision and

displayable data arrays. Another design goal was to incorporate a

masking ability for the recognition of bit patterns when reading

digital data. This feature, allows easy conversion of decimal data

into floating-point format when data is received from decimal de-

vices interfaced to the LAB8/E's digital input registers (DR8-E's).

General Description

This program contains a set of 12 functions which enable a user

of OS/8 BASIC to utilize the following peripherals on a LAB8/E:

A/D converter, VC8-E display control, DK8-ES real-time clock,
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and DR8-EA 12-channel -buffered digital I/O. All functions, con-

tained in an overlay called BASIC.UF, reside in the overlay area of

BASIC (3400-4577) with the understanding that the entire set of

functions is in core whenever a given function is in use. Each func-

tion is called by a suitable three-character name, followed by any

necessary arguments.

General regulations on arguments passed by the user functions in

this package

:

1. All arguments must be within the following range:

0<ARGUMENT<4095

Hence, negative arguments (<0) will cause a fatal error, FM;
and positive arguments greater than 4095 (>4095) will cause

the fatal error, FO. Fatal errors terminate program execution

and return the user to command mode.

2. Furthermore, certain functions in this package require that the

arguments be further restricted. These restrictions will be stated

along with the discussion of each function later on. Argument

errors due to these added restrictions will cause the fatal error,

IA (illegal argument).

Preparing Basic for LAB8/E Functions

The Basic Run-Time System (BRTS) provides for one overlay

area and divides a set of infrequently used functions into three sep-

arate overlays; namely, BASIC.AF, BASIC.SF and BASIC.FF.

Since a logical need for user-written assembly language subroutines

exists, a last overlay, BASIC.UF was reserved. It is this last overlay

that contains the 12 functions for LAB8/E support. Since the sub-

routines of this last overlay are determined apart from BRTS, it is

necessary that BRTS be given a list of core addresses for each of

the user subroutines. It is critical that the order of specifying these

links or addresses be in the same order that the UDEF statements

will appear in the program that calls the functions.

Before writing any program using these functions, it is absolutely

necessary to modify BRTS. The following example illustrates how

this is done. Notice that in the test programs at the end, the order

in the UDEF statements is the same as the ordering of the addresses

here. A list of the names of the functions associated with each ad-

dress is specified to the right for the sake of clarity only.
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j,GET SYS SKTS.sSV

1/**** 5402 used for interrupts

00002 / **** 4456
1560/ **** 3400 INI
01561 / »»»» 3454 ply
01562 / **** 3473
31563 /*_**£ 3603
01564 / **»» 400«3
01565 /**_** 4100 iAui

01566 / **** 3541 CLK
01567 / »»»« 3521 CLW
01570 / »*»* 4400 ADC
01571 / **»» 4432 GET
01572 /«**» 4271 PUT
01573 /**_** 4313

DLY
DIS

.SAVE SYS BKTS.SV

DRI
DRO

Since many of BASIC'S functions also reside in overlays, the user

is cautioned about using a function that will cause the current set

of functions to be overlayed and thereby destroy any useful in-

formation. For example, the user cannot calculate a set of cosine

values and pass them to the PLY function to be stored, because

COS resides in BASIC.AF overlay and PLY resides in BASIC.UF.

Ayvillliuvii XfM. JLJi &JU»/ \J>M-i kJUppVIM. t, JL UllVUUIliS

Once BRTS has been modified to recognize the user function

from the BASIC.UF overlay, BASIC programs making use of these

functions may be written. If a program requires the use of the Nth

function in the ordered list of links, the first (N-l) functions of

the list must be defined by UDEF statements or a set of (N-l)

dummy-named functions must precede the defining of the Nth func-

tion. For example:

In reference to the ordered list of functions in the previous sec-

tion, if the ADC function is the only one to be used in a particular

BASIC program, the UDEF statements must be

:

10 UDEF INI(N),PLY(Y),DLY(N),DIS(S,E,N,X)

11 UDEF SAM(C,N,P,T),CLK(R,0,S),CLW(N),ADC(N)
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OR

10 UDEF DUA(N),DUB(N),DUC(N),DUD(N)

11 UDEF DUE(N),DUF(N),DUG(N),ADH(N)

However, it is recommended that the user always use the complete

set of UDEF's each time one requires one or more functions in a

program. This is recommended solely to keep careless omissions to

a minimum.

INI(N)

The initialize function has a twofold purpose. Its main purpose

is to locate the address of the array specified by BASIC'S USE

statement and retain that address until BASIC.UF is overlayed by

one of the other three overlays.

A secondary purpose is to set a pointer to the first location of

the array. Consequently, an array may be used to store one set of

data followed immediately by a second set of data, provided the

INI function was called only once. This means that displayable

data (10 bits), and fixed point data (12 bits) may share the user

array at the user's discretion. If, however, the INI function was

again specified at the end of the first data run, the first set of data

is overwritten by the second set of data. Hence, INI effectively zeros

the array in this case. Whenever an array is to be used in conjunc-

tion with one or more of the functions in the BASIC.UF overlay,

user first dimensions the array and eventually employs the USE

statement before the INI function can have meaning. For- example:

DIM A(3)

USE A
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X=INI(0)

The argument N, for INI, is a dummy argument, and may be any
integer; 0, 1,2, ...

Whenever the functions PLY, DIS, SAM, GET, and PUT are

used, make sure that the INI function has been previously called at

least once. When an array is given the dimension N, BASIC allo-

cates (N+l) floating point words of memory which is actually

3 (N+l) single memory locations. Thus, in the example above,

BASIC allocates 4 floating point words or 12 single memory loca-

tions for the array. Each data value deposited into the user's array

by the user functions is a single precision value (uses one memory
word).

PLY(Y)
The purpose of the plot function is to enable a BASIC program

to create y-data values and enter them into the user array sequen-

tially, beginning with the first unused location of the array. Each
floatine OOint Value is fixed to a ten ("101 hit cincrle nr<*ri«irm valnp

before it is put into the array. The range of the y-data values must
be:

(Ky<1.0

This is easily accomplished by inserting a scaling factor. (Refer to

line numbers 26 and 64 of the example program TESTOA.PG at

the end of this chapter.)

The data in the user array can be displayed as it is being passed

to the array (see DLY function) and/or be refreshed continuously

once all values have been entered into the array (see DIS function)

.

DLY(N)
The delay function is used only in conjunction with the PLY

function. It causes the scope to be refreshed with the contents of

the user array after each point is processed, so that the graphical

progress of data can be observed.
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N is an integer such that 1<N<1024. It specifies the maximum

number of points to be eventually displayed. Implied here is the

fact that the display will contain only the. first N points even if the

arrays contain more than N points.

DIS(S,E,N,X)

.The display function is used to set up parameters for the dis-

playing of y-data stored in the user array. The display will begin

with the desired starting point, S of the array and display every Nth

point while not exceeding the desired endpoint, E (where N = 1,

2,3,...).

Depending on the value of X, the DIS function has two separate

operations. Operation when X equals zero (X=0): Indication is

given to the user-overlay-functions that a SAM function will be the

next BASIC instruction. Consequently the parameters mentioned

above are set up so that exactly one of the sampled channels can be

displayed 'on the fly'. To understand the use of the arguments

S,E,N,X; it is necessary to know how the A/D data is stored in the

user array. For example assume 100 samples/channel in each case:

CASE 1 CASE 2

ARRAY SAM CH#0 SAM CH #3,4,5

WD1 CH#0 CH#3
WD2 CH#0 CH#4
WD3 CH#0 CH#5
WD4 CH#0 CH#3
WD5 CH#0 CH#4
WD6 CH#0 CH#5

WD100 CH#0 CH#3

To display CASE 1, once sampling begins:

DIS(1,100,1,0)

To display CH#4 of CASE2, once sampling begins:

DIS(2,100,3,0)
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Operation when X is greater than zero (X>0) : A user array of

y-data is to be displayed immediately. The display is continually

refreshed (no return to BASIC) until the operator types CTRL/N
on the keyboard.

Displayable y-data values are assumed to be 1 0-bit single precision

data words.

The x-coordinate for each y-data value is determined by a DEL-
TAX value found as follows:

DELTAX = 1023/| [E-S)/N]

Due to the outcome of DELTAX, the display may not always use

the full width of the scope. However, the display is always centered.

S^l; E^S; (E-S)/N<1023. At least one point must be dis-

played and no more than 1024 points may be displayed.

SAM(C,N,P,T)
The sample function is used solely to set up parameters for sub-

sequent sampling of the ADC's or for subsequent sampling of

digital input registers (0,1,2) depending on the value of T.

TASK 1 (T=0) : Sample the ADC's

C = First channel # to be sampled; 0<C<17 8 .

N = Number of consecutive channels to sample; 1^N^(208-C).

P = Number of sample points/channel; P=0.

TASK 2 (T=0) : Sample digital input registers.

C = First register # to be sampled; 0<C^2.

N = Number of consecutive input registers to sample; 1^N^(3-C).

P = Number of samples/register; P=0.

Anytime a SAM instruction is used to sample the ADC's, exactly

one channel must be displayed on the fly. However, the sampling

rate is not slowed down by this requirement. Hence a DIS function

call must precede a SAM function call whenever TASK 1 is chosen.

It is possible to display digital input data so long as only the least

significant 10 bits will be displayed. However, this data can not be

displayed 'on the fly' and can only be displayed via the DIS func-

tion once all data is in the array.
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CLK(RAS)
The clock function sets up the clock to be used for A/D sam-

pling, for digital input sampling, or as a simple timing device.

R(rate) = desired frequency at which to run the clock

Value of R Frequency

1 External input

2 100 HZ
3 IK HZ
4 lOK'HZ

5 100KHZ
6 1MHZ

O (overflow CNT) = number of clock ticks per interrupt with

the clock running at the desired frequency, R. (XO<4095

S (Schmitt trigger) (S'£0) = Activate all Schmitt triggers and

start the clock when any one of the three Schmitt triggers fires.

(S=0) Do not activate any Schmitt triggers and start up the clock

immediately.

As mentioned above, this single clock function is used to set the

clock for one of three separate tasks.

TASK1 : Sample the ADC's.

The interrupts are turned on1 and the program waits in the dis-

play loop for a clock overflow; at which time the A/D channel(s)

is (are) sampled. The display loop will display the data for the

channel specified by the user in the DIS function. When all chan-

nels have been sampled the requested number of times, the CLK
function returns to BASIC.

TASK2: Sample digital input registers.

At each clock overflow, the digital input register (s) is (are)

sampled. When all registers have been sampled the requested num-

ber of times, the CLK function returns to BASIC.

1 When interrupts are turned on, the only possible valid interrupts can be

caused by the keyboard or the clock. Hence, any other interrupt is an un-

controllable, spurious interrupt (faulty hardware) which will cause a HLT
at location 4466. If this happens, do the following:

1. Set SWITCH REGISTER to 4476 and press ADDR LOAD.
2. Next, press the CLEAR and CONT switches to return to BASIC.

3. Type CTRL/C to return to the OS/ 8 Monjtor.
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NOTE
The sampled data from the ADC's or the

digital input registers is stored sequentially

in the user's arrav.

TASK3 : A simple timing device.

The clock is set up and started (unless it is to be started when a

Schmitt trigger fires) and then returns to BASIC.
The following illustrates what sequence of instructions are

needed for each task.

TASK1 TASK2 TASK3

DIM A(n)

USE A
DIM A(n)

USE A
Z=CLK(R,0,S)

W=INI(0)
X=DIS(C,N,P,T)

I=5/\iVi^C,lN,r,UJ

Z=CLK(R,0,S)

W=INI(0)
Y=SAM(C,N,P,1)
Z=CLK(R,0,S)

CLW(N)
With the clock having been set up by CLK as a simple timer,

this clock wait function, when called, simply returns to BASIC
whenever a clock overflow occurs; and/or whenever a Schmitt trig-

ger fires,provided S was a non-zero argument in CLK.
Upon return to BASIC, a number is returned to the caller in-

dicating whether the return was due to a clock overflow, a Schmitt

trigger, or a clock overflow and the firing of a Schmitt trigger simul-

taneously. The number also indicates whether one of the above

conditions occurred before or after the CLW function was called.

N is a dummy argument (N=0,l,2, . . . ) .
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The following table illustrates the various numbers returned.

Case 1 : Clock overflowed or a Schmitt trigger fired after CLW is

called.

Overflow only Schmitt Trigger Only Simultaneously

1 (Trigger 1 fired) -1

2 (Trigger 2 fired) -2

3 (Trigger 1 & 2 fired) -3

4 (Trigger 4 fired) -4.

5 (Trigger 1 & 4 fired) -5

6 (Trigger 2 & 4 fired) -6 ,

7 (Trigger 1,2 & 4 fired) -7

Case 2: Clock overflowed or a Schmitt trigger fired before CLW is

called.

-8

Schmitt Trigger only Simultaneously

9 -9

10 -10

11 -11

12 -12

13 -13

14 -14

15 -15

The TEST4A.PG and TEST5A. PG examples make use of the

CLW function.

The CLW function has many useful applications. Subroutine

timing may be accomplished by starting the clock with a specific

rate and overflow count. The subroutine is called, and at the end of

the subroutine the CLW function is called to see if an immediate

return is obtained. This timing is empirical in that the user would

keep changing the rate and/or overflow count until Case 2 oc-

curred.. Secondly, Schmitt trigger firing may be used to branch to

a particular subroutine or to notify the program to proceed with

specific tasks such as reading digital data or sampling an analog

input. Thirdly, time interval histograms and post stimulus histo-

grams are also possible (see TST20A.PG).

6-133



ADC(N)
This function is issued any time one wishes to sample A/D channel

N. The 10 bit data value is floated and returned to the caller for

immediate examination. 0^N<17 8 .

The BASIC statement W=ADC(3) asks that A/D channel #3
be sampled and the floating point value be assigned to W.
The TEST5A.PG example illustrates one use of the ADC function.

GET(MJL)
This function is used to get one 12 bit word from the user array,

mask out certain bits and return the result as a floating point num-
ber to the caller.

L is Lth location of the user array. Hence, if an array has N single

precision words, L can take on meaningful values of 1,2,3, . . . ,N.

NOTE
Although BASIC allows to be a meaning-

ful value in a dimension statement such as

DIM A(0), it must be understood that L
always begins with 1, where 1 stands for the

first >single-word location of the array. Thus
DIM A(0) specifies an array of one floating

point word (three one-word locations).

i¥i io a. masKiiig uuiiiuci Miun uiai u^ivi^H-uyj. inis noaung
point number is converted to a 12 bit binary number between

and 7777. Those bits that are zero will mask out or eliminate those

bits in the array value. If M=0, then no masking is done and the

12 bit array value is returned intact. M=0 and M-4095 have the

same meaning.

The BASIC statement Y=GET(15,2) gets the second word of

the user array, masks out all bits except bits 8,9,10,11 and assigns

the floating point result to Y. Consequently, if an array is as

follows:

single prec WD 1 { 5678

single prec WD2 { 1234

single prec WD3 ^ 4455

Fl.pt. word
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WD2 = 12348 = 00101001 11002

MASK = "15k, = 178— 000000001 1 1

1

2

The 12 bit value after masking is:

00000000li002 = 12i

Hence, Y=12

NOTE
For user assistance in understanding decimal

to octal to binary conversions, refer to Intro-

duction to Programming.

PUT(M,L)
This function enables a floating point number to be fixed to a

single 1 2 bit word and put into the user's array.

L is Lth location of the user's array. For an array of N single

precision words, L can take on meaningful values of 1,2,3, . . . ,N.

M is the floating point number to be fixed and stored in the

array. 0<M^4095.

NOTE
Both GET and PUT functions imply that a

user's array must not exceed 4096 memory

locations, because of the general restriction

on any argument for these user functions.

The BASIC statement Y=.PUT( 128,4) means fix 128 to 12

bits (000 010 000 0002 ) and put the value into the 4th word

of the user array. TST15A.PG, TST16A.PG, TST17A.PG and

TST18A.PG illustrate the use of functions GET and PUT.

DRI(N)
This function is issued any time one wishes to sample a digital

input register, N (0<N^2). The 12 bit digital value is returned

to the user as a floating point number. Basic statement: X=DRI(0)
means that input register #0 is sampled and the floating point result

is assigned to X.

DRO(M,tt)
This function is issued any time one wishes to set the bits of a

digital output register, N(0<N<2). The output register bits are set

via the value of M (1<M<4095). If M=0, the output register is
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cleared, otherwise the bits of the register remain set. Hence, addi-

tional bits of the register can be set while maintaining those set

earlier.

Basic statement: Z=DRO(9,l) means set bits 8 and 11 of out-

put register # 1 if not already set.

9,o— 000000001001 2

DRO functions.

LAB8/E Examples

The following set of BASIC programs illustrates a number of

ways the user functions may be implemented. Each program has

been kept as simple as possible.

Note that for TST12A.PG, TST13A.PG and TST15A.PG a bat-

tery powered 'black box' was used to interact with the digital I/O
registers. The box contained a set of 12 switches which could set

any combination of bits for the digital input register, and it also

contains a row of 12 lights that were lighted by the contents of the

12 bit digital output register. When running TST18A.PG, use the

data from TST17A.PG.

I REM - PROGRAM NAME: TEST0A. PG
O d rM _

3 UDEF I\'ICN>,PLYCY>,DLY<N>,DIS<S,E,N,X>
4 UDEF SAMCCN, p, T),CLK< R, 0, S) , CLWCN), ADC(N)
5 UDEF GETCM,L),PUT(M,L>,DRI(N>,DROCM,N)
6 DIM A<342)
9 REM -

10 REM - CALC 1024 PTS 4. DISPLAY ON FLY.
II REM - WHEN DONE DISPLAY EVERY 10TH PT.
12 REM -

20 USE A
22 Z =INI(0)
24 FOR N= 1 TO 1024
26 Y = <3*N-2)/307 1

28 X=PLY(Y)
30 W=DLY( 1024)
32 NEXT N
34 V=DIS< 1, 1024, 10, 1)

49 REM -

50 REM - CALC 30 PTS & DISPLAY ONLY
51 REM - WHEN DONE.
60 Z = INI(0)
62 FOR N= 1 TO 30
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64 Y = C2+N+1)/61. 1

66 Z=PLY(Y)
68 NEXT N
70 V-DISC 1,30, 1,1)
80 END

1 REM - PROGRAM NAME: TEST1A.PG
2 REM -

3 UDEF INI CN),PLYCY),DLYCN), DISCS, E,N,X)
4 UDEF SAMCC,N,P, T),CLKCR, 0, S) , CLWCN) , ADCC N)

5 UDEF GETCM,L),PUTCM,L),DRICN),DR0CM,N)
6 DIM AC 342)
10 REM -

11 REM - SAMPLE CHAN ( 1 024 TI MES) i DI SPLAY
12 REM - ALL PTS ON THE FLY.
13 REM - 10 INTERRUPTS/SEC
14 REM -

,20 USE A
21 W = INIC0)
22 W = DISC 1, 1024, 1,0)
24 X=SAMC0, 1, 1024, 0)

26 Y = CLKC3, 100,0)
28 Z = DISC 1, 1024, 1, 1)

40 REM -

41 REM - SAMPLE CHANNELS 0,1 C 1 00 TIMES EACH).
42 REM - 10 INTERRUPTS/SECi DISPLAY CHAN WHILE
43 REM - SAMPLING, WHEN DONE SHOW THREE DI FF
44 REM - DISPLAYS: DISPLAY CHAN 0--HIT »N DISPLAY
45 REM - CHAN 1--HIT tn DISPLAY CHANS 041.
50 USE A
51 W=INI(0)
52 W=DIS(1,200, 2,0)
54 X=SAM(0, 2, 100,0)
56 Y = CLK(3, 100, 0)

58 Z = DIS( 1,200,2, 1)

60 U=DIS(2, 200,2, 1)

62 V=DIS( 1,200, 1, 1)

70 END

1 REM - PROGRAM NAME: TEST2A.PG
2 REM -

3 UDEF INI(N),PLY(Y),DLY(N),DISCS,E,N,X)
4 UDEF SAM(C,N,P,T),CLK(R,0, S), CLWCN), ADC(N)
5 UDEF GETCM,L),PUT(M,L),DRI(N),DROCM,N)
6 DIM AC 342)
10 REM -

11 REM - CALC A PARABOLA CF" 601 PTS AND DISPLAY
12 REM - ON THE FLY. WHEN DONE DISPLAY EVERY 10TH
13 REM - PT OF PARABOLA.
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14 REM -

20 USE A
22 Z = INI(0)
24 FOR N=-300 TO 300
26 Y=CN*N)/ 100000
28 X=PLYCY)
30 W=DLY<601>
32 NEXT N
34 V=DISC 1, 601, 10* 1)

50 REM -
51 REM - CALC A CUBIC Of 601 PTS & DISPLAY" ON FLY
52 REM - WHEN DONE DISPLAY EVERY 10TH PT.

53 REM -

60 Z =INI(0)
62 FOR N=-300 TO 300
64 Y=(N*N*N+27000000) /54000010
66 X=PLY(Y)
68 W = DLY(601)
70 NEXT N
72 V=DISC I, 601, 10, 1)

8 END

1 REM - PROGRAM NAME: TEST3A. PG
2 REM -

3 UDEF INICN),PLY(Y>,DLY<N>,DIS( S, E,N,X>
4 UDEF SAM(C,N,P, T),CLKCR, 0, S),CLW(N), ADCCN)
5 UDEF GETCM,L),PUTCM,L),DRICN>,DRO(M,N>
6 DIM AC 342)
10 REM -

11 REM - ILLUSTRATE ABILITY TO ACCESS USER BUFFER.
12 REM - PUT NUMBERS 1-10 INTO BUF IN THAT ORDER.
13 REM - & READ THEM OUT IN THE REVERSE ORDER.
14 REM -

20 Z = INI(0)
22 FOR N=l TO 10
24 PRINT N
26 T=N
28 R=PUTCT,N)
30 NEXT N
32 FOR N=l TO 10
34 N= 1 1-N
36 P=GET(0,M)
38 PRINT P
40 NEXT N
50 END
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1 REM - PROGRAM NAME: TEST4A.PG
2 REM -

3 UDEF INICN>,PLYCY)*DLYCN>*DISCS*E*N*X>
4 UDEF SAMC C*N* P* T) * CLKC R* 0* S) * CLWCN) * ADC( N>

5 UDEF GETCM*L> *PUTCM*D* DRI CN)*DROCM*N>
6 REM - SAMPLE CHAN IF CLOCK 0. F.

7 REM - SAMPLE CHAN 1 IF SCHMITT ONLY
8 REM - SAMPLE CHAN IF BOTH FIRE
9 REM - IF EARLY* TELL USER
10 REM - ROUTINE ALSO OUTPUTS Z

11 X=CLKC3*4000* 3)

12 FOR N=l TO 10
14 Z = CLWC0>
15 PRINT "Z=";Z
16 IF Z = GOTO 30
18 IF Z<0 GOTO 24
19 IF Z<8 GOTO 34
20 IF Z=8 GOTO 40
21 GOTO 40
24 IF Z<-8 GOTO 40
26 W = ADCC2>
28 GOTO 36
30 W = ADC(0)
31 GOTO 36
34 W=ADC( 1)

36 PRINT W

37 GOTO 42
40 PRINT "EARLY"
42 NEXT N
50 END

1 REM - ' PROGRAM NAME: TEST5A.PG
2 UDEF INICN),PLYCY)*DLYCN>* DISCS* E*N*X>
3 ODEF SAMCC*N*P*T)*CLKCR* 0*S>* CLWCN)* ADCCN)
A UDEF GETCM*L)*PUTCM,L)*DRICN)*DROCM*N)
5 DIM AC 342)
10 REM -

11 REM - USE CLK AS A SIMPLE TIMER.
12 REM - SAMPLE CHAN EVERY 4TH SEC AND PUT VAL TO TTY
13 REM - DO THIS 10 TIMES
14 REM -

20 X = CLKC 3* 4000* 0)

22 FOR 1=1 TO 10
24 Y = CLWC0)
26 Z = ADCC 0)

28 PRINT Z

30 NEXT I

40 REM -

41 REM - USE CLK AS A SIMPLE TIMER .

42 REM - SAMPLE CHAN 1 TEN TIMES & SYNC OFF ANY
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j. n REM - SCHMI TT
1 t

TOT 55 ER
44 REM -

50 X = CLK(4, 4000, 1)

52 FOR 1=1 TO 10
54 Y = CLW(0)
56 Z = ADC(0)
58 PRINT Z

60 NEXT I

70 END

1 REM - PROGRAM NAME: TEST7A.PG
2 REM -

3 UDEF INI (N),PLYCY) ,DLY<N) ,DIS <S, E,N,X)
4 UDEF SAMCC,N,P,T),CLK<R,G,S),CLU(N),ADCCN>
5 UDEF GETCM,L),PUT(M,L),DRI (N),DRC(M,N)
6 DIM AC342)
7 USE A
8 REM - DISPLAY A TRIANGLE
10 £=INIC0>
12 FOR N=l TO 30
14 Y=N/30. 1

16 V=PLYCY)
18 Z=l/30.1 v

20 U=PLY(Z>
22 P=DLY(1 18)
24 NEXT N
26 FOR N=l TO 29
27 M=30-N
28 Y=N/30.1
30 W=PLY(Y)
32 Z=l/30.

1

34 U=PLY(Z)
36 P=DLY(118)
38 NEXT N

40 V=D1S<1, 1 18, 1, 1)

42 END

1 REM - PROGRAM NAME: TEST8A.PG
2 REM -

3 UDEF INKN>,PLYCY),DLY<N>, DISCS, E,N,X>
4 UDEF SAMCC,N,P,T),CLK(R,0,S),CLW(N),ADC(N)
6 DIM A<342)
10 REM -

11 REM - SAMPLE CHAN 100 TIMES; DI SPLAY;
12 REM - HOWEVER SYNC OFF SCHMI TT TRIGS.
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14 REM -

32 USE A
34 W=INI<0)
36 W=DIS< 1* 100* 1*0)
38 X=SAMC0* 1* 100*0)
40 Y=CLK<3* 100* 1)

42 Z=DIS< 1* 100* 1* 1)

50 END

1 REM - PROGRAM NAME: TEST9A.PG
2 REM -

3 UDEF INI(N)*PLY(Y)*DLYCN)* DISCS*E*N*X)
4 UDEF SAM(C*N*P*T)*CLK(R*0*S)*CLW<N)*ADCCN)
5 UDEF GETCM*L)*PUT(M*D* DRI (N) * DRO <M*N)
6 DIM AC 342)
10 REM -

11 REM - CALC A PARABOLA OF 401 PTS AND DISPLAY ON FLY
13 REM -

20 USE A
22 Z=INI(0)
24 FOR N=-200 TO 200
26 Y=CN*N)/40001
28 X=PLY(Y)
30 W=DLY(401)
32 NEXT N
50 REM -

51 REM - CALC A CUBIC OF 401 PTS & DISPLAY ON FLY
52 REM - SHOW PARABOLA. WHEN DONE DISPLAY EVERY PT~
53 REM - & THEN EVERY 10TH PT
54 REM -

62 FOR N=-200 TO 200
64 Y=CN*N*N+8000000)/16000010
66 X=PLY<Y)
68 W=DLYC802)
70 NEXT N
72 V=DIS< 1*802* 1* 1)

74 V=DIS( 1*802* 10* 1)

80 END •

'

1 REM - PROGRAM NAME: TST10A.PG
2 REM -

3 UDEF INI(N)*PLY(Y)*DLYCN)*DIS(S*E*N*X)
4 UDEF SAMCC*N*P*T)*CLK<R*0*S)*CLWCN)*ADC(N)
5 UDEF GET(M*L)*PUT(M,D* DRI(N)*DR0(M*N)
6 DIM A<342)
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7 REM - THIS ROUTN RETURNS
10 USE A
1 1 Z=INI<0>
12 PRINT "VALUE"
14 INPUT Y
16 Z=PUTCY, 1)

18 P=GET<7, 1)

19 PRINT P
20 P=GETC56* 1)

21 PRINT P
22 P=GET<448, 1)

23 OPTMT O

24 P=GET<3584, 1)

25 PRINT P
26 GOTO 12

30 END

4 DIGITS-3BITS/DIGIT

1

2

3

4

5

6

10
1 1

12

20
22
23
24
26
28
30
32
34
40

REM -

REM -

REM -

REM -

REM -

REM -

UDEF
UDEF
UDEF
DIM

PROGRAM NAME: TST12A.PG

THIS ROUTN SAMPLES DIGITAL BOARD
#1 TEN TIMES, ONCE EVERY 4 SECS & PUTS
THE VALUES INTO USER BUF THEN IT PRINTS
OUT THE 10 VALUES
INI(N),PLYCY),DLYCN>,DIS<S, E,N,X)
SAM C CN, P., T) , CLKCR, 0, S> ., CLUCN > ., ADC (N)
GET<M*L)*PUT(M*L)*DRI<N)#DROCM*N)

AC342)
USE A
W=INI<0>
X=SAM( 1, lj 10, 1)

Y=CLK(3, 4000,0)
FOR N=l TO 10
V=GETC0,N)
PRINT W
NEXT N
END

1

2

3

4
5

10

1 1

12

REM -

REM -

REM -

REM -

REM -

UDEF
UDEF
UDEF

PROGRAM NAME: TST13A.PG

TEST THE OUTPUT REG-SEE THE LIGHTS LITE
UP . OCTAL INPUT LIGHTS THE LIGHTS AND
THE LAMP? AN INPUT OF CLEARS THE OUTPUT
INI(N),PLYCY),DLY(N),DISCS J E,N,X)
SAMCCNjP* T),CLK<R,0,S),CLWCN),ADC<N)
GET (M, L ) , PUT CM ., L > ., DP. I CN > ., DRO (M, N )

REG
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14 W=DRO<0., 1)

16 PRINT "NUMBER"
18 INPUT Y
19 IF Y=0 GOTO 14

20 U=DRO(Y* 1)

22 GOTO 16
30 END

1 REM -. PROGRAM NAME: TST15A.PG
2 REM -

3 UDEF INI (N)., PLY CY),DLYCN >., DISCS, E.,N.,X)

4 UDEF SAM CCN* P* T) , CLK<R,Oj, S) , CLWCN), ADC(N)
5 UDEF GET(M^L)-*PUT<MjL)^DRKN)>DRO(M*N)
6 DIM A(342)
7 REM - THIS ROUTN RETURNS 3 DIGITS- 4 BITS/DIGIT
8 REM - (MASKING) IT FIRST OUTPUTS THE DECIMAL
9 REM - EQUIV OF THE NUMBER
10 USE A
11 Z=INI(0)
12 ¥=DRIC1)
13 PRINT ¥
16 X=PUT<W, 1)

18 P=GET<15, 1)

19 PRINT P
20 P=GET(240^ 1)

21 PRINT P
22 P=GET<3840, 1)

23 PRINT P
24 PRINT "WASTE TIME"
25 INPUT R -

26 GOTO 12

30 END

1 REM - PROGRAM NAME: TST16A.PG
2 REM -

3 UDEF INI'(N)jPLY(Y>,DLYCN>*DIS<S*E*NjX)
4 UDEF SAM(CN,P,T),CLK<R,0,S),CL¥<N).,ADCCN>
5 UDEF GET(M,L),PUT<M,L),DRICN),DRO(M,N)
6 DIM AC3)
7 REM - THIS ROUTN SHOWS THAT ANY NJ0<=N<=4095
8 REM - PUT INTO A USER BUF IS RETURNED AS THE
9 REM - SAME VALUE.
10 USE A
11 Z=INIC0)~
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12 PRINT "NUMBER"
M INPUT Y
16 X=PUTCY> 1)
18 Z=GETC0,1>
20 PRINT Z
26 GOTO 12
30 END

1 REM - PROGRAM NAME: TST17A.PG
2 REM - FILL AN ARRAY OF 30 WORDS WITH THE
3 REM - FIRST 30 INTEGERS. WRITE THE ARRAY
4 REM - OUT TO DECTAPE.
5 UDEF INI(N),PLY(Y),DLYCN), DISCS, E,N,X>
6 UDEF SAM<C,N,P,T>,CLK<R,0,S>,CLW<N),ADCCN>
7 UDEF getcm,l),putcm,l:>.,»dri<n>,dro<m,n>
8 DIM AC9)
9 USE A
10 X=INI<0)
11 FOR N=l TO 30
12 PRINT N
13 X=PUT<N,N>
14 NEXT N
16 FILEVN#1:"DTAI : DATA. PG"
22 FOR 1 = TO 9

24 PRINT #1:A(1)
26 NEXT I

28 CLOSE ffi

30 END

1 REM - PROGRAM NAME: TST18A.PG
2 REM - READ INTO AN ARRAY 10 FL PT WDS
3 REM - (30 INTEGERS FROM MS) WRITE OUT THE
4 REM - 30 INTEGERS ON TTY
5 UDEF INICN),PLY<Y),DLYCN),DIS<S,E,N,X>
6 UDEF SAM<CN,P,T),_CLK<R,0,S>.,CLWCN>,ADC(N>
7 UDEF GETCM*L)jPUT(M>L),DRI<N),DRO(M,N)
8 DIM A<9)
9 USE A
20 FILEN #1:"DTA1:DATA.PG"
22 FOR 1 = TO 9
24 INPUT #1:ACI>
26 NEXT I

28 CLOSE #1
29 X=INI<0)
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30 FOR N=l TO
32 X=GET<0,N)
34 PRINT X
36 NEXT N
40 END.

30

1

2

3

4
5
6

10

11

12

20
21
22
24
26
28
29
30
32
34
36
38
40
4R
44
46
48
50
52
54
56
58
60
62
64
66
68

REM - PROGRAM NAME: TST19A. PG
REM -

UDEF INICN),PLYCY),DLYCN),DIS(S,E,N,X)
UDEF SAM<C,N,P,T),CLK<R,0,S),CLVCN),ADCCN)
UDEF GETCM,L),PUT<M,L),DRICN),DRO(M,N)
DIM AC 16) "

'

REM - SAMPLE CHAN 50 TIMES; SYNC OFF SCHMITT;
REM - 10 INTERRUPTS/ SEC; WHEN DONE DISPLAY TILL tn;

REM.- THEN WRITE OUT DATA TO DTAi;
USE A
W=INIC0)
V=DIS<1,50, 1*0)
X=SAMC0, 1,50,0)
Y=CLK<3, 104, 1)

Z=DIS< 1,50,1, 1)

FILEVN #1:"DTA1:SAM.DA"
FOR 1 = TO 16
PRINT #1:ACI)
NEXT I

CLOSE #1

REM - DISPLAY A PARABOLA
P=INI(0)
FOR N=-25 TO 25
Y=CN*N)/625.

1

X=PLY<Y)
W=DLYC51)
NEXT N
V=DIS(1,51, 1, 1)

REM - READ DATA BACK IN & DISPLAY IT AS BEFORE
FILEN #1:"DTA1:SAM.DA"
FOR 1 = TO 16
INPUT #1:ACI)
NEXT I

W=INI<0)
Z=DISC1,50, 1, 1)

.END

1 REM - PROGRAM NAME: TST20A.PG
2 REM -

3 UDEF INI(N),PLY<Y), DLYCN), DISCS, E,N,X)
4 UDEF SAM<C,N,P,T),CLK(R,0,S>,CLWCN),ADCCN)
5 UDEF GETCM,L),PUTCM,L),DRICN),DRO<M,N)
10 DIM X(100),YC100),A(67)
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ii REM - J1 =BINS IN LATENCY<#EPOCHS TILL DONE)
12 REM - T1 =BIN WIDTHCTIH) IN MS(#MS/CLK . F. )

13 REM - T2=BIN WIDTH OF LATENCY(#CLK 0.F. /EPOCHS)
16 PRINT "J1,T1,T2?"
18 INPUT J1,T1,T2
20 1 =

21 J=0
22 K=0
23 Y=CLK(3iTb 1)

25 Z=CLW(0)
30 IF Z=0 GOTO 100
32 IF Z<0 GOTO 36
34 IF Z<8 GOTO 200
3 5 GOTO 38
36 IF Z>-8 GOTO 200
37 REM - INCR UNDERFLO BIN
38 1 =

39 GOTO 300
99 REM - CLK O.F. ONLY; BMP HIST BIN
100 1=1+1
102 IF I<>100 GOTO 1 10
103 REM - END OF TIME, BMP HIST BIN
104 X<100)=X(100)+1
105 1=0
109 REM - BMP LATENCY CTR
1 10 K=K+1
1 12 IF K<>T2 GOTO 2 5

113 REM - AN EPOCH IS DONE
1 14 K=0
1 16 J=J+1
118 IF J=J1 GOTO 500
119 REM - MORE EPOCHS TO GO?
120 GOTO 2 5
199 REM - CLK 0*F* AMD SCHMITT TRIG
200 X(I)=X<I)+1
202 Y(J)=YCJ)+1
204 GOTO 100
299 REM - SCHMITT TRIG ONLY
300 X(I)=X<I)+1
302 YCJ)=YCJ)+1
304 GOTO 25
498 REM - GET LARGEST BIN VALUE TO BE USED AS A
499 REM - SCALE FACTOR FOR DISPLAY
500 USE A
503 Q=0
504 FOR 1=0 TO 100
506 Z=X<I)
508 IF Q> = Z GOTO 516
510 Q=Z
516 NEXT I

549 REM - SCALE ALL BIN VALUES FOR MAX DISPLAY
550 U=INI(0)
551 FOR 1=0 TO 100
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552 Z=X(I)
554 Y=Z/(Q+1>
555 V=PLY(Y)
556 NEXT I

598 REM - GET LARGEST LATENCY VAL TO BE
599 REM - USED AS A SCALE FACTOR FOR DISPLAY
600 0=0
602 FOR 1=0 TO 100
604 .Z=Y(I>
606 IF Q>=Z GOTO 610
608 Q=Z
610 NEXT I

699 REM - SCALE ALL LATENCY VALS FOR MAX DISPLAY
700 FOR 1=0 TO 100
702 Z=YCI>
704 Y=Z/CQ+1>
706 V=PLY€Y)
708 NEXT I

710 REM - DISPLAY 'TIH*
711 V= DISCI, 101, 1, 1)

712 REM - DISPLAY LATENCY
720 V=DISC102,202, 1, 1)

725 REM - DISPLAY BOTH 'TIH' & LATENCY SIDE BY SIDE
726 V=DIS<1,202, 1,1)
800 END

Getting on the Air with BASIC
A. DECtape users

:

Transfer the user overlays, BASIC.UF, from the DECtape
provided with the software kit to the OS/ 8 system device.

R PIP

*SYS :BASIC.UF<DTAn : BASIC.UF/I
(where n=0, 1,2, . . . , 7)

*tc

B. Papertape users:

Use the ABSLDR to read into core the user overlays which

are in binary format on the paper tape, provided with the

software kit. Then create a 'save file' on the system device.

.R ABSLDR
*PHR:$t (where $ symbolizes striking the ALT MODE

key)

.SAVE SYS BASIC.UF 3400-4577

6-147



LAB8/E Function Summary

Table 6-4 LAB8/E Function Summary

Function Explanation

INI(N)

PLY(Y)

DLY(N)

DIS(S,E,N,X)

SAM(C,N,P,T)

CLK(R,0,S)

CLW(N)

ADC(N)

GET(M,L)

PUT(M,L)

Locate the address of the user array and initialize a

Polnfof +r\ ctort r\f tVio Mrrpir "NJ iq o HllTYimV arolimPtlt

into the user array sequentially. 0^Y<.0

Used in conjunction with PLY, the scope is refreshed

with the contents of the user array after each point

is processed. 1<N<1024 and N specifies the maxi-

mum number of points to be eventually displayed.

Meaning #1 (X=0). Set up parameters to display

ADC data once sampling begins.

Meaning #2 (X=0). An array of y-data is to be dis-

played immediately. In both cases, the display begins

with point S of the array, and every Nth point is dis-

played while not exceeding the desired point E.

Used to set up parameters for subsequent sampling

of the ADC's (T=0) or sampling of digital input

registers (T^O). C is the first channel # or digital

input register #. N is the number of consecutive

channels or registers to ssmnIe. P is the number of

samples per channel or register.

Set up the clock for A/D sampling, digital input

sampling or for use as a simple timer. R is the desired

rate, O is the overflow count and S activates the

Schmitt triggers.

This function returns to the caller a number, in-

dicating whether the clock overflowed or a Schmitt

trigger fired and whether these occurred before or

after CLW was called.

This function is issued any time the user wishes to

sample A/D channel N.

A twelve (12) bit number from the user array at

location L is masked with the number M and re-

turned to the caller.

A floating point number, M, is fixed to 12 bits and

stored in the user array at location L.

6-148



Table 6-4 LAB8/E Function Summary (Cont.)

Function Explanation

DRN(N) This function is used any time the user wishes to sam-

ple a digital input register N.

DRO(M,N) The bits of digital output register N are set via the

value of M.
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Fortran n

INTRODUCTION

OS/8 FORTRAN is an improved version of the paper tape 8K
FORTRAN. OS/ 8 FORTRAN contains such added features as

Hollerith constants, implied DO loops, chaining, mixing of SABR
and FORTRAN statements, and device-independent I/O.

It is assumed that the reader is familiar with the basic concepts

of FORTRAN programming. Several excellent elementary texts

are available (such as FORTRAN s Programming by Frederic

Stuart, published by John Wiley and Sons, New York, 1969, and

A Guide to FORTRAN Programming by Daniel D. McCracken,

published by John Wiley and Sons, New York) if review is needed.

Calling and Using the OS/8 FORTRAN Compiler

The user calls the FORTRAN compiler by typing:

R FORT

in reply to the dot generated by the Keyboard Monitor. When the

Command Decoder prints an asterisk at the left margin, the user

types the appropriate device designations, I/O files, and any of

the acceptable specification options allowed for 8K FORTRAN.
A carriage return is used to terminate a command string and begin

compilation.

The line to the Command Decoder consists of to 3 output files,

1 to 9 input files, and any of the available options. The format of

the command line is:

*BINARY,LISTING,MAP<INPUT/OPTION(S)

The first output file holds the binary output in relocatable binary

format. If no extension is specified, the extension .RL is assumed.
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If a binary output file is not indicated in the command line, then

no binary output will be generated. (An exception to this occurs

when either the /L or /G options are used; this is explained in the

section describing the individual options). The second output file

contains the listing; if no extension is specified, the extension .LS

is assumed. If no listing file is specified, a listing will not be gen-

erated. The third output file is the Linking Loader output, and,

unless otherwise specified, this file assumes the extension .MP.

<"TT>k mitrmt'is nrodu^d hv use. of the. /M. /I J and /P ootions,

which are discussed in the section of this chapter concerning the

Linking Loader.) 1 to 9 input files are available with OS/8 FOR-
TRAN, although ordinarily only 1 is used. The default extension

for input files is .FT.

FORTRAN OPTIONS
The following table provides a list of the options which are

available under OS/ 8 FORTRAN. In addition to these, the /N
and /S options to the SABR Assembler may be specified to the

FORTRAN compiler, and 'options to the Linking Loader other

than /L may be used. (The user is referred to the respective sec-

tions for details.)

Table 7-1 FORTRAN Options

Option Meaning

/G Load and execute the file. The Linking Loader is

called, the binary output file is loaded and executed.

(If a binary file is not specified, a temporary file

named FORTRL.TM is created and stored on the file

device. This file is loaded into core and then deleted

from the file device.) If a starting address is not spe-
• cified (using the options described under the Linking

Loader) control is sent to the program entry point

MAIN (the FORTRAN compiler gives this name
automatically to the main program.

/K Keep the file FORTRAN.TM as a permanent file.

The FORTRAN compiler produces an output file

named FORTRN.TM on the system device. This

file is the FORTRAN source program converted into

SABR assembly language, and serves as input to the

8K SABR assembler, which is automatically called by
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Table 7-1 FORTRAN Options (Cont.)

Option Meaning

the compiler. The file FORTRAN.TM is then deleted

unless the /K option has been specified. The /K op-

tion saves the file as a permanent file, allowing future

editing and assembling.

/L Load, but do not start execution. Call the Linking

Loader at the end of the assembly and load the spe-

cified binary file. (If a binary output file is not speci-

fied, then the temporary file FORTRL.TM is loaded

into core and deleted from the file device.) When
using the /L option, the user has the choice. of ter-

minating the command string with either an ALT
MODE or a carriage return. If ALT MODE is typed,

the Loader returns to the Keyboard Monitor with a

core image in core, while the RETURN key instructs

the Loader to ask for more input.

EXAMPLE PROGRAM
The following example illustrates the ease with which a FOR-

TRAN program can be executed under OS/ 8. The program TEST

has been created with the Symbolic Editor and saved on device

SYS:

C FORTRAN DEMO 'TEST'
C COMPUTE AND PRINT POWERS OF TWO

DIMENSION AC 16)

WRITE CI, 15)

15 FORMAT C/' POWERS OF TWO.. EXAMPLE PROGRAM'/)
DO 20 M=hl6

20 ACN)=2.**N
WRITE Cl>25) CN>ACN)>N=1> 16)

25 FORMAT C'2** '12'=' F 10. 2)

CALL EXIT
END

By issuing the following commands, TEST is loaded and executed;

execution is automatic with the /G option:
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. R FORT
*TEST/G

POWERS OF TWO.. EXAMPLE PROGRAM

2** 1 = 2.00
2** 2= 4.00
2** 3= 8'. 00
2** •4= 16. 00
2** 5= 32.00
O + J- C —

\J— c it mm

2** 7 = 128.00
2** 8= 256.00
2** 9= 512.00
2** 10 = 1024.00
2** 1 1 = 2048. 00
2** 12= 4096.00
2*'* 13= 8192.00
2** 14= 16384.00
2** 15= 32768.00
2** 16= 65536.00

FORTRAN assembles one main program or subroutine per call.

A job with multiple subprograms is run by compiling each routine

separately and combining them with the Linking Loader.

Typing a CTRL/C (tC) at run time during a non-compute
uounu job will return control to the Keyboard Monitor. Typing
.ST at this point will restart the user's FORTRAN program. If fC
is typed when compiling a program, FORTRAN will have to be
recalled.

EXAMPLES OF FORTRAN I/O
SPECIFICATION COMMANDS
Example 1:

jji FORT
*DTA1:TEST/G

The input file TEST.FT (or TEST) on DTA1 is compiled, the

output stored in FORTRN.TM on the system device, and SABR
is called. SABR uses FORTRN.TM as input and outputs the as-

sembled file into FORTRL.TM, deleting the old FORTRN.TM.
The /G option specifies that the Linking Loader then loads
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FORTRL.TM and the Library Subroutines, deletes FORTRL.TM
upon loading, and sends control to the entry point MAIN.
Example 2:

^R FORT
*MATRIX<MATRIX.AB/G/U

The input file MATRIX.AB on DSK is compiled and the output

stored in SYS:FORTRN.TM. SABR is called and assembles

SYS.FORTRN.TM, putting the relocatable binary output into

DSK:MATRIX.RL, deleting the file FORTRN.MT. The /G option

specifies that the Linking Loader then loads MATRIX.RL and the

Library Subroutines, and then prints on the teleprinter (via /U)
a list of undefined external symbols and a count of the unused
pages in each memory field.

Example 3:

• R FORT
*, 'LPT: < LMPUT/L/M

The FORTRAN Compiler compiles and SABR assembles the

file DSK:INPUT.FT (or INPUT), outputting the binary file as

SYS:FORTRL.TM. The Linking Loader is automatically called

(/L) to load SYS:FORTRL.TM into core and delete that file from
SYS. The Linking Loader puts a full loading map on the LPT
device (/M). The Loader then asks for another command string.

If the line had been terminated with the ALT MODE key instead

of the RETURN key, control would be returned to the Keyboard
Monitor after loading.

Example 4:

i.R FORT
SUBKSUB1

Tr FORT
*SUB2<SUB2
•R FORT
*MAIN/L
*SUB1,SUB2/G

The subroutines and the MAIN program are each compiled sep-

arately, and the MAIN program is loaded but not executed (as the
/L option indicates). The Linking Loader is called at the end of
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the assembly and waits for more input. The /G option is used to

load the FORTRAN Library Subroutines and initiate execution of

the MAIN program.

Example 5:

.R FORT
*DTA5: SOURCE/L

The file SOURCE on DTA5 is compiled, assembled, and loaded

but not executed.

Example 6:

. R FORT
*DTA1 :PR0G^PTP:^PTP:<DTA1 rPROGCNMG)

For those users with DECtape systems, keeping the source pro-

gram on a non-system DECtape and putting the binary on a non-

system DECtape gives the best possible results in terms of

minimizing tape motion. The above file, PROG, is loaded and

executed. The binary is stored on DTA1 under the' name

PROG.RL, and the symbol table, the map of the loaded program

and the count of the free pages in each field are punched onto

oaoer taoe.

In DECtape systems, excessive DECtape motion can also be

eliminated by storing LIB8.RL on a non-system tape. The user

would then specify to the Loader:

*DTA2:LIB8. RL/L

Using FORTRAN or SABR with the Interrupt On
SABR code can be run with the interrupt on, providing the user

supplies his own interrupt handling code. That code which is ex-

ecuted when the interrupt is off must not call any of the SABR
subroutines and must be independent of all SABR or library sub-

routines and linkage subroutines. With the interrupt on, the user

should not call exit routines or do any generalized (device-inde-

pendent) I/O, unless those routines are modified to make allow-

ances for interrupts.
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Using PAL8 with SABR or FORTRAN
It is possible to call PAL8 subroutines from a SABR or FOR-

TRAN program. The user should build a core image of the running

FORTRAN or SABR program and return to the Keyboard Mon-

itor by typing $ (ALT MODE key) on the last Linking Loader

Command. He should then save the core image. The core image

file (.SV) can be used as input to the Absolute Loader (ABSLDR)

with the /I option, followed by the binary of the PAL8 routine.

For example:

. R ABSLDR
.

*DTA7:CHAIN2.SV/I
PALSUB.BN/GS

The above calls the Absolute Loader, loads the core image

CHAIN2.SV and then merges the PALSUB.BN program with it.

Execution starts at location 200 and, when completed, the system

returns to the Keyboard Monitor for further instructions.

FORTRAN Data Files

When doing FORTRAN output onto DECtape or disk into a

file which is to be read only as a data file by another FORTRAN
program, a significant time saving can be obtained by using A6

format to output floating-point variables and A2 format to output

integer values. The same format specifications must be used when

the data is read. The data file is not an ASCII file and should not

be edited with EDIT. The file should only be moved by PIP in

image mode (/I option).

The following caution should be observed concerning programs

which may have been written and compiled with a previous ver-

sion of OS/ 8 FORTRAN:

CAUTION
A FORTRAN compiler and its correspond-

ing Library constitute an interlocking set of

programs. No user should attempt to com-

pile a program under OS/ 8 and load it with

the paper tape FORTRAN, or vice versa.

Similarly, programs developed with the cur-

rent FORTRAN compiler should not be run

under an old FORTRAN system.
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FORTRAN II SOURCE LANGUAGE

Character Set

The following characters are used in the FORTRAN language. 1

1

.

The alphabetic characters, A through Z.

2. The numeric characters, through 9.

3. The special characters: 2

1

i

t
a

( [

$ ) ]

% + \
& <r-

*
/

#

'. >
? (space)

FORTRAN Constants

Constants are self-defining numeric values appearing in source

statements and are of three types: integer, real, and Hollerith.

INTEGER CONSTANTS
An integer (fixed point) constant is represented by a digit string

of from one to four decimal digits, written with an optional sign,

1 Appendix A lists the octal and decimal representations of the FORTRAN
character set.

2 Of these, the characters "!$'%&# : ? <> t [ ] \ «- may only appear
inside FORMAT statements or Hollerith constants.
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and without a decimal point. An integer constant must fall within

the range -2047 to +2047. For example:

.47

+47 (+ sign is optional)

-2

0434 (leading zeros are ignored)

(zero)

REAL CONSTANTS
A real constant is represented by a digit string, an explicit

decimal point, an optional sign, and possibly an integer expo-

nent to denote a power of ten (7.2 X 103 is written 7.2E+03).

A real constant may consist of any number of digits but only the

leftmost eight digits appear in the compiled program. Real con-

stants must fall within the range of ± 1.7xlO38
.

HOLLERITH CONSTANTS
A Hollerith constant is a string of up to 6 characters (including

blanks) enclosed in single quotes. A Hollerith constant is treated

like a real constant, except that it cannot be used in arithmetic

expressions other than for simple equivalence (A=B). Any char-

acter except the quote character itself can be used in a Hollerith

constant. For example:

'MOM'
'A + B=C '

' 5 * .10' .

FORTRAN Variables

A variable is a named quantity whose value may change during

execution of a program. Variables are specified by name and type.

The name of a variable consists of one or more alphanumeric

characters the first of which must be alphabetic. Although any

number of characters may be used to make up the variable name,

only the first five characters are interpreted as defining the name;
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the rest are ignored. For example, DELTAX, DELTAY, and
DELTA all represent the same variable name.

The type of variable (integer or real) is determined by the

first letter of the variable name. A first letter of I, J, K, L, M, or

N indicates an integer variable, and any other first letter indicates

a real variable. Variables of either type may be either scalar or

array variables. A variable is an array variable if it first appearsin

a DIMENSION statement.

INTEGER VARIABLES
The name of an integer variable must begin with an I, J, K,

L, M, or N. An integer variable undergoes arithmetic calcula-

tions with automatic truncation of any fractional part. For example,

if the current value of K is 5 and the current value of J is 9, J/K
would yield 1 as a result.

Integer variables may be converted to real variables by the

function FLOAT (see Function Calls) or by an arithmetic state-

ment (see Arithmetic Statements). Integer variables must fall within

the range -2047 to +2047.

Integer arithmetic operations do not check for overflow. For

example, the sum 2047+2047 will yield a result of -2. For more
information refer to Chapter 1 of Introduction to Programming or

any text on binary arithmetic.

REAL VARIABLES
A real variable name begins with any alphabetic character other

than I, J, K, L, M, or N. Real variables may be converted to integer

variables by the function IFIX '(see Function Calls) or by an

arithmetic statement. Real variables undergo no truncation in

arithmetic calculations.

SCALAR VARIABLES
A scalar variable may be either integer or real and represents a

single quantity. For example:

LM
A
G2
TOTAL
J
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ARRAY VARIABLES
An array (subscripted) variable represents a single element of a

one- or two-dimensional array of quantities. The array element is

denoted by the array name followed by a subscript list enclosed in

parentheses. The subscript list may be any integer expression or

two integer expressions separated by a comma. The expressions

may be arithmetic combinations of integer variables and integer

constants. Each expression represents a subscript, and the values

of the expressions determine the referenced array element. For

example, the row vector Aj would be represented by the subscripted

variable A (I), and the element in the second column of the first row

of the matrix A, would be represented by A (1,2).

Examples of one-dimensional arrays are:.

YC 10

PORTCK)

while a two-dimensional array appears as follows:

AC3*K+2,1)

Any array must appear in a DIMENSION statement prior to its

first appearance in an executable statement. The DIMENSION
statement specifies the number of elements in the array.

Arrays are stored in increasing storage locations with the first

subscript varying most rapidly (see Storage Allocation). The two-

dimensional array B (J, K) is stored in the following order:

B(l, 1), B(2, 1), /. . , B(J, 1), B(l, 2), B(2, 2), . . . , B(J, 2),

- . , B(J, K)

For representation of arrays of more than two dimensions, refer

to the section entitled Representation of N-Dimensional Arrays

toward the end of this chapter.

SUBSCRIPTING
Since excessive subscripting tends to use core memory ineffi-

ciently, it is suggested that subscripted variables be used judi-

ciously. For example, the statement:
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A=C (BC

I

)+C2)*BCl )+Cl )*B(I

)

could be rewritten with a considerable saving of core memory as

follows:

T=BCI)
A=( (T+C2)*T+C1 >*T

Expressions

An expression is a sequence of constants, variables, and function

references separated by arithmetic operators and parentheses in

accordance with mathematical convention and the rules given

below.

Without parentheses, algebraic operations are performed in the

following descending order:

* * exponentiation
— unary negation

* and / multiplication and division

+ and — addition and subtraction

= equals or replacement sign

Parentheses are used to change the order of precedence. An
operation enclosed in parentheses is performed before its result is

used in other operations. In the case of operations of equal prior-

ity , the calculations are performed from left to right.

Integers and real numbers may be raised to either integer or real

powers. An expression of the form:

A**B

means AB and is real unless both A and B are integers. Exponential

(ex) and natural logarithmic (log,.(x)) functions are supplied as

subprograms and are explained later.

Excluding ** (exponentiation), no two arithmetic operators may
appear in sequence unless the second is a unary plus or minus.

The mode (or type) of an expression may be either integer or

real and is determined by its constituents. Variable modes may not

be mixed in an expression with the following exceptions:

1 . A real variable may be raised to an integer power:
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A**2

2. Mode may be altered by using the functions IFIX and

FLOAT (see Function Calls):

A*FLOAT( I )

The I in example 2 above, indicates an integer variable; it is

changed to real (in floating point format) by the FLOAT function.

Zero raised to a power of zero yields a result of 1 . Zero raised

to any other power yields a zero result. Numbers are raised to

integer powers by repetitive multiplication. Numbers are raised to

floating point powers by calling the EXP and ALOG functions.

A negative number raised to a floating point power does not cause

.an error message but uses the absolute value. Thus, the expression

(-3.0)**3.0 yields a result of +27.

Any arithmetic expression may be enclosed in parentheses .and be

considered a basic element.

IFIXCX+Y)/2
(ZETA)
(COS(SINCPI*EM)+X))

An arithmetic expression may consist of a single element (con-

stant, variable, or function call). For example:

2.71828
ZCN)
TANCTHETA)

Compound arithmetic expressions may be formed using arith-

metic operators to combine basic elements. For example:

X + 3 •

TOTAL/A
TANCPI*EM)

Expressions preceded by a + or a — sign are also arithmetic

expressions. For example:

+x.

-C ALPHA*BETA)
-SQRTC -GAMMA)
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As an example of a typical arithmetic expression using arithmetic

operators and a function call, the expression for the largest root of

the general quadratic equation:

-b + y b2 — 4ac

2a

is coded as:

C -B +SQRTCB**2-4.*A*C) ) /2 .*A)

FORTRAN STATEMENTS
A FORTRAN source program consists of a series of statements,

each of which must start on a separate line. Any FORTRAN
statement may appear in the statement field (columns 7 through 72)
and may be preceded by a positive number, called a statement

number, of from 1 to 4 digits which serves as an address label and
is used when referencing the statement. When used, statement num-
bers are coded in columns 1 through 5 of the 72 column line. State-

ment numbers need not appear in sequential order, but no two state-

ments should have the same number. Statement numbers are limited

to a value of 2047 or less.

When using the Symbolic Editor to create the source program,

vr*"& ** ^j.xvi^/ iAu v.t5^"^«i«.^u. uy induing uuwii iuc v^iivju A.6y

and depressing TAB) causes a jump over the statement number
columns and into the statement field. Except for data within a

Hollerith field (see Input/Output Statements), spaces are ignored

by the compiler. The programmer may use spaces freely, however,

to make the program listing more readable and to organize data

into columns.

Line Continuation Designator

Statements too long for the statement field of a single terminal

line may be continued on the next line. The continued portion must
not be given a line number, but must have an alphanumeric charac-

ter other than in column 6. If the Symbolic Editor is used, the pro-

grammer may type a CTRL/TAB followed by a digit from 1 to 9
before continuing the line. The continuation character is not treated

as part of the statement.
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For example, using spaces, a continued statement would look as

follows:

WRITE (3., 30)
30 FORMAT CIX'.,' THE FOLLOWING DATA IS GROUPED INTO THREE

1 PARTS UNDER THE HEADINGS X, Y, AND Z.')

Using tabs, the same statement would be typed:

WRITE (3,30)
30 FORKAT ( IX.,' THE FOLLOWING DATA IS GROUPED INTO THREE

! PARTS' UNDER THE HEADINGS X, Y/ AND Z-* )

There is no limit to the number of continuation lines which may

appear. However, one restriction is that an implied DO loop must

not be broken, but must be on one line. For ease in program cor-

rection, it is recommended that continuation lines be minimized.

Comments
The letter C in column 1 of a line designates that line as a cohit

ment line. A comment appears in a program listing but has no

effect on program compilation. Any number of comment lines may

appear in a given program, and comments that are too long for

one line may be continued by placing a C in the first column of the

next line. A comment line may not appear between another line

and its continuation.

FORTRAN statements are of five types:

1

.

Arithmetic, defining calculations to be performed;

2. Input/Output, directing communication between the pro-

gram and input/output devices;

3. Control, governing the sequence of execution of statements

within a program;

4. Specification, describing the form and content of data within

the program;

5. Subprogram, defining the form and occurrence of subpro-

grams and subroutines.

Each of these five types is explained in the following paragraphs.
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Arithmetic Statements

Constants and variables, identified as to type and connected by

logical and arithmetic operators form expressions: one or more

expressions form an arithmetic statement. Arithmetic statements

are of the general form

:

V=E

where V is a variable name (subscripted or nonsubscripted), E is

an expression, and = is a replacement operator. The arithmetic

statement causes the FORTRAN object program to evaluate the

expression E and assign the resultant value to the variable V. Note

that = signifies replacement, not equality. Thus, expressions of the

form:

A=A +B

A=A*B *

are quite meaningful and indicate that the value of the variable A
is to be changed.

For example:

Y=1.1*Y
P=X**2+3.*X+2.0
X(M)=EN*ZETA*CALPHA+EM/PT

)

The expression value is made to agree in type with the variable

before replacement occurs. In the statement:

META=W*CABETA+E)

since META is an integer and the expression is real, the expression

value is truncated to an integer before assignment to META.

Input/Output Statements

Input/Output (I/O) statements are used to control the transfer

of data beween computer memory and peripheral devices and to

specify the format of the output data. I/O statements may be di-

vided into two categories:
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1. Data transmission statements, READ and WRITE, specify

transmission of data between computer memory and I/O

devices.

2. Nonexecutable FORMAT statements enable conversion be-

tween internal data (within core memory) and external data.

DATA TRANSMISSION STATEMENTS

The two data transmission statements, READ and WRITE, ac-

complish input/output transfer of data listed in a FORMAT state-

ment. The two statements are of the form:

-READ (unit, format) I/O list

WRITE (unit, format) I/O list

where unit is a device designation which can be an integer constant

or an integer variable, format is a FORMAT statement line num-

ber, and the I/O list is a list specifying the order of transmission of

the variable values. During input, the new values of listed variables

may be used in subscript or control expressions for variables ap-

pearing later in the list.

For example:

READ(2 J 1000)L,A(L>>B(L + l )

reads a new value of L and uses this value in the subscripts of A
and B; where 2 is the device designation code, and 1000 is a

FORMAT statement number.

An element in an I/O list can take one of the following forms:

1. Arithmetic expression: expressions more complicated than a

single variable (which can be subscripted) are meaningless

in an input operation.

2. The name of an array ( 1 or 2 dimensional) : this indicates

that every element of the array is to be transmitted. Elements

are transmitted in the order in which they are stored in core.

For example:

DIMENSION A(2,2)
READ (

1

, 100) A
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reads:

A(1,1),AC2,1),A(1,2),A(2,2)

3. Implied DO Loops of the form:

(si,s2 ,...,s I1,i=m 1 ,m2,m:l )

repeat the list elements (s„) with the value of i being equal

to mx through m2 having an optional step value of m3 . The
m's are integer constants or variables, i is an integer variable,

and Sj-Sn are the I/O list elements (possibly including an im-

plied DO loop) . For example:

DIMENSION A(3*6)
WRITE CI ,100) I, (AC J, I )J=1 ,3)

will output the values:

I*AC1 ,1) ,A(2,I) ,AC3*I)'

It is important to remember that when using implied DO
loops, the entire implied DO loop must be on the same input

line or card. An imolied DO loon cannot be continued onto
JL JL

...

the next line with a continuation character.

If no I/O list is specified for a WRITE statement, then in-

formation is read directly from the specified FORMAT statement

and written on the device designated.

Data appears on the external device in the form of records.
3
All

information appearing on input is grouped into records. On output

to the printer a record is one line. The amount of information con-

tained in each ASCII record is specified by the FORMAT state-

ment and the I/O list.

3 This should not be confused with the OS/8 record, which is equal to 256io

words (2 DECtape blocks with the 129th word of each block ignored.)
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Each execution of an I/O statement initiates the transmission of

a new data record. Thus, the statement:

READC

1

, 1 00 ) FIRST, SECOND, THIRD

is not necessarily equivalent to the statements below where 100 is

the FORMAT statement referenced:

READC1,100)FIRST
READC 1, 100) SECOND
READC 1,1 00 )THIRD

In the second case, at least three separate records are required,

whereas, the single statement

READ (d, f ) FIRST, SECOND, THIRD

may require one, two, three, or more records depending upon

FORMAT statement f.

If an I/O statement requests less than a full record of informa-

tion, the unrequested part of the record is lost and cannot be re-

covered by another I/O statement without repositioning the record.

If an I/O list requires more than one ASCII record of informa-

tion, successive records are read.

READ Statement

The READ statement specifies transfer of information from a

selected input device to internal memory, corresponding to a list

of named variables, arrays or array elements. The READ statement

assumes the following form:

READ (d,f) list

where d is a device designation which may be an integer constant

or an integer variable, f is a FORMAT statement line number, and

list is a list of variables whose values are to be input.

The READ statement causes ASCII information to be read from

the device designated and stored in memory as values of the

variables in the list. The data is converted to internal form as

specified by the referenced FORMAT statement.
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For example:

READCU 15>ETA,PI

WRITE Statement

The WRITE statement specifies transfer of information from

the computer to a specified output device. The WRITE statement

assumes one of the following forms:

WRITE (d, f) list

WRITE (d, f

)

where d is a device designation (integer constant or integer vari-

able), f is a FORMAT statement line number, and list is a list of

variables to be output.

The WRITE statement followed by a list causes the values of the

variables in the list to be read from memory and written on
the designated device in ASCII form. The data is converted to ex-

ternal form as specified by the designated FORMAT statement.

The WRITE statement without a list causes information (gen-

erally Hollerith type) to be read directly from the specified format

and written on the designated device in ASCII form.

The I/O device designations used in the READ and WRITE
statements are described in Table 7-2.

Table 7-2 Device Designations

Device Code Input Designation Output Designation

1 Teletype keyboard or Teleprinter

low-speed reader

2 High-speed reader High-speed punch

3 Card reader (CR8/I) Line printer (LP08)

4
4

Assignable device Assignable device

(see Device Independent I/O and Chaining)

Device code 3 is assigned to the card reader (for all READ
statements), and the line printer (for all WRITE statements).. The
card reader uses a two-page device handler, which is too large to

4 If using device code 4, the /I or /O options to the Linking Loader
must be given. If the assignable device is a two-page handler, the /H op-

tion must be given also.
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be used with the device independent I/O feature (device code 4).

Therefore, the card reader has its own device code.

The line printer is a separate output device because it can require

special formatting, such as inserting a Form Feed to skip to the

top of a page. The contents of the first column of any line is a con-

trol character. These control characters are never printed. They

are as follows:

Character in Column 1 Resulting Spacing

space single space

double space

1 skip to top of

next page (Form

Feed)

all others single space

FORMAT STATEMENT
The nonexecutable FORMAT statement specifies the form and

arrangement of data on the selected external device. FORMAT
statements are of the form:

m FORMAT (Si,S2v ..Sn )

where m is a statement number and each S is a data field specifica-

tion. Both numeric and alphanumeric field specifications may ap-

pear in a FORMAT statement. The FORMAT statement also

provides for handling multiple record formats, skipping characters,

space insertion, and repetition.

FORMAT statements may be placed anywhere in the source

program. Unless the FORMAT statement contains only alpha-

numeric data for direct I/O transmission, it will be used in con-

junction with the list of a data transmission statement.

During transmission of data, the object program scans the desig-

nated FORMAT statement; if a specification for a numeric field

is present, and the data transmission statement contains items re-

maining to be transmitted, transmission takes place according to the

specification. This process ceases and execution of the data trans-

mission statement is terminated as soon as all specified items have

been transmitted. The FORMAT statement may contain specifica-

tions for more items than are indicated by the data transmission
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statement. The FORMAT statement may also contain specifica-

tions for fewer items than are indicated by the data transmission

statement, in which case, format control reverts to the rightmost

left parenthesis in the FORMAT statement. If an input list re-

quires more characters than the input device supplies for a given

record, blanks are inserted.

Numeric Fields

Numeric field specification codes and the corresponding in-

ternal and external forms of the numbers are listed in Table 7-3.

Table 7-3 Numeric Field Codes

Conversion Internal Form External Form
Code

E Binary floating point Decimal floating point 5

with E exponents:

0.324E+10

F Binary floating point Decimal floating point

with no exponent: 283.75

I Binary integer Decimal integer: 79

Conversions are specified by the form:

rEw.d

rFw.d

rlw

where r is a repetition count, E, F, and I designate the conversion

code, w is an integer specifying the field width, and d is an integer

specifying the number of decimal places to the right of the decimal

point. For E and F input, the position of the decimal point in the

external field takes precedence over the value of d. For example:

5 When using E format, or with numbers less than 1.0 when using F format
in a WRITE statement, a zero will be typed to the left of the decimal point.
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FORMAT (I5.,F10.2,E16.8>

could be used to output the line

32 -17.60 .59624575E +03

on the output listing.

The field width should always be large enough to include the

decimal point, sign, and exponent (plus a leading zero in OS/8

FORTRAN). In all numeric field conversions, if the field width

is not large enough to accommodate the converted number, aster-

isks will be printed; the number is always right-justified in the field.

Numeric Input Conversion

In general, numeric input conversion is compatible with most

other FORTRAN processors. A few exceptions are listed below:

1. Blanks are ignored except to determine in which field digits

fall. Thus, numbers are treated as if they are right-justified

within a field. In an F5.2 format, the following:

bbbl2

12bbb

00012

are read as the number 0.12 (where 'b' represents a blank

space).

2. A null line delimited by two carriage return/line feed

(CR/LF) combinations is treated as a line of blanks, and

blanks are appended to the right of a line (if necessary) to

fill out a FORMAT statement. Thus:

12 (CR/LF)
12bbb

bbbl2

are identical under an F5.2 format. If an entire line is blank,

numeric data from that line is read as zeros.
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3. No distinction is made between E and F format on input.

Thus:

100.

100E2

1.E2
J

10000

are all read identically under either an F5.2 or E5.2 format.

Alphanumeric Fields

Alphanumeric data can be transmitted in a manner similar to

numeric data by use of the form

rAw

where r is a repetition count, A is the control character, and w is

the number of characters in the field. Alphanumeric characters are

transmitted as the value of a variable in an I/O list; the variable

may be either integer or real.

Although w may have any value, the number of characters trans-

mitted is limited by the maximum number of characters which can

be stored in the space allotted for the variable. This maximum
depends upon the variable type; for a real variable the maximum
is six characters for an integer variable the maximum is two

characters. The characters are stored in stripped ASCII format. If

not enough data is supplied as input to the variables, the data is

padded with blanks on the right. For example:

READ CI, 20) Ml , M2 , M3 , M4 , M5 , M6 , M7 , M3
20 FORMAT C8A1>

if the user types at this point:

123ABC

followed by a carriage return, the following are the values of the

variables:
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Variable Decimal Octal ASCII

Ml -928 - 6140 1

M2 -864 6240 2

M3 -800 6340 3

M4 96 0140 A
M5 160 0240 B

M6 224 0340 C

M7 -2016 4040 blank

M8 -2016 4040 blank

If the above had been read in 4A2 format, the values would be as

follows:

Variable Decimal Octal

M8

As a second example:

-2016 4040

20
READ (1,20)
FORMAT (A6)

ALPHA

ASCII

Ml -910 6162 1 2

M2 -831 6301 . 3 A
M3 131 0203 B C

M4 -2016 4040 blanks

blanks

the user types:

123AB

and a carriage return, and the octal value of ALPHA is:

6162 6301 0240

NOTE
The numeric value of alphanumeric

characters stored in floating point

variables is generally not meaningful.
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Hollerith Conversion

Alphanumeric data may be transmitted directly from the FOR-
MAT statement by using Hollerith (H) conversion. H-conversion
format is normally referenced by WRITE statements only.

In H-conversion, the alphanumeric string is specified by the form

nH hi, hv>, . . . , h„

where H is the control character and n is the number of characters

in the string, including blanks. For example, the statement below

can be used to print PROGRAM COMPLETE on the output list-

ing.

FORMAT (17H PROGRAM COMPLETE)

A Hollerith string may consist of any characters capable of

representation in the processor. The space character is a valid and

significant character in a Hollerith string.

An attempt to use H format specifications with a READ state-

ment will cause characters from the format field to be either printed

or punched. This can be a useful feature since it provides a simple

way of identifying data that is to be read from the Teletype key-

board. For example, the following instructions:

READ U,30)A,B
30 FORMAT C4HA = ,F7.8/4HB = ,F7.2>

cause A = and B = to be printed out before the data is read.

By merely enclosing the alphanumeric data in single quotes, the

same result is achieved as in H-conversion; on input, the characters

between the single quotes are typed as output characters, and on

output, the characters between the single quotes (including blanks)

are written as part of the output data. For example, when referred

to from a WRITE statement:

50 FORMAT C PROGRAM COMPLETE')
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causes PROGRAM COMPLETE to be printed. This method

eliminates the need to count characters.

Blank or Skip Fields

Blanks can be introduced into an output record or characters

skipped on an input record by use of the nX specification. The.

number n indicates the number of blanks or characters skipped and

must be greater than zero. For example:

FORMAT C5H STEP I 5* 1 0X2HY=F7 • 3

)

can be used to output the line:

STEP 28 Y= 3.8 72

Mixed Fields

A Hollerith format field may be placed among other fields of

the format. The statement:

F0RMATCI5..7H FORCE =F10.5>

can be used to output the line

:

22 FORCE= 17.68901

The separating comma may be omitted after a Hollerith format

field, as shown above.

Repetition of Fields

Repetition of a field specification may be specified by preceding

the control character E, F, or I by an unsigned integer giving the

number of repetitions desired.

FORMAT (2E1 2. 4 .,31 5)

is equivalent to:

FORMAT C El 2. 4, El 2. 4, 15*15*15)
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Repetition of Groups

A group of field specifications may be repeated by enclosing the

group in parentheses and preceding the whole with the repetition

number.

For example:

w iilVlrt l\.C].0*G\IL,1.0*D>cZrO»OJJ

is equivalent to:

F0RMATC218/E15.5*2F8.3.»E15.5.>2F8.3)

Multiple Record Formats

To handle a group of output records where different records

have different field specifications, a slash is used to indicate a new
record. For example, the statement:

F0RMAT(3I8/I5,2F8.4>

is equivalent to:

F0RMATC3I8)

for the first record and

F0RMAT(I5.»2F8.4)

for the second record.

The separating comma may be omitted when a slash is used.

When n slashes appear at the end or beginning of a format, n blank

records may be written on output (producing a CR/LF for each

record) or ignored on input. When n slashes appear in the middle

of a format, n-1 blank records are written or n-1 records skipped.

Both the slash and the closing parenthesis at the end of the format

indicate the termination of a record. If the list of an I/O state-

ment dictates that transmission of data is to continue after the

closing parenthesis of the format is reached, the format is repeated
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from the last open parenthesis of level one or zero. Thus, the

statement:

F0RMAT<F7-'2.»C2.<E15.5*E15.4)jI7>>

causes the format:

F7.2.,-2CE15.5.>E15.4>* 17

to be used on the first record, and the format

:

2CE15.5*E15.4>j.I7

to be used on succeeding records.

As a further example, consider the statement:

F0RMATCF7.2/C2CE15.5 J E15.4) J 17) )

The first record has the format:

F7.2

and successive records have the format:

2(E15.5jE1 5.4), 17

Control Statements

The control statements GO TO, IF, DO,.PAUSE, STOP, and

END alter the sequence of statement execution, temporarily or

permanently halt program execution, and stop compilation.

GO TO STATEMENT
' The GO TO statement has two forms: unconditional and com-

puted.

Unconditional GO TO
Unconditional GO TO statements are of the form:

GO TO n
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where n is the number of an executable statement. Control is trans-

ferred to the statement numbered n.

Computed GO TO
Computed GO TO statements have the form:

GOTO (ni,n2 , . . . , nk ), J

where n 1; n2 , . . , , nk are statement numbers and J is a nonsub-

scripted integer variable. This statement transfers control to the

statement numbered nu n2 . . . , nk if J has the value 1, 2, . . . , k,

respectively. The index (J in the above example) of a computed

GO TO statement must never be zero or greater than the number
of statement numbers in the list (in the example above, not greater

than k). For example, in the statement:

GO TO<20*10*5)*K

the variable K acts as a switch, causing a transfer to statement 20

if K = 1, to statement 10 if K = 2, or to statement 5 if K = 3.

IF STATEMENT
Numerical IF statements are of the form:

IF (expression) ni, n2 , n3

where nl5 n2 , n3 are statement numbers, ibis statement transfers

pnntfnl tr% the* ctotpmont rniT-nha-t-a/-! *-i »> »-> it t\ta •r^.l-.-.a, /->£ +T><»

numeric expression is less than, equal to, or greater than zero,

respectively. The expression may be a simple variable or any

arithmetic expression.

IF CETA)4.,7.»12
IFCKAPPA-LC 10 ) )20, 14*14

DO STATEMENT

The DO statement simplifies the coding of iterative procedures.

DO statements are of the form:

DO n i = mi, m2 , m3

where n is a statement number, i is a scalar integer variable, and

m x , m2 , m3 are integer constants or nonsubscripted integer vari-

ables. If m3 is not specified, it is understood to be 1

.
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The DO statement causes the statements which follow, up to

and including the statement numbered n, to be executed repeatedly.

This group of statements is called the range of the DO statement.

In the example above, the integer variable i is called the index, the

values of mi, m2 , m3 are, respectively, the initial, terminal, and in-

crement values of the index.

For example:

DO 10 J=bN
DO 20 1=J^Kj5
DO 30 L = I,J,K

The index is incremented and tested before the range of the DO is

executed. After the last execution of the range, control passes to

the statement immediately following the terminal statement in what

is called a normal exit. An exit may also occur by a transfer out

of the range taking place before the loop has been executed the

total number of times specified in the DO statement.

DO loops may be nested, or contained within one another, pro-

vided the range of each contained loop is entirely within the range

of the containing DO statement. Nested DO loops may contain the

same terminal statement, however. A transfer into a DO loop from

outside the range is not allowed.

Within the range of a DO statement, the index is available for

use as an ordinary variable. After a transfer from within the range,

the index retains its current value and is available for use as a

variable.
6 The values of the initial, terminal, and increment vari-

ables for the index and the index of the DO loop may not be

altered within the range of the DO- statement.

6 After a normal exit from a DO loop, the index of the DO statement has

the value of the index the final time through the loop plus whatever incre-

ment was assigned. For example

:

DO 10 1=1,5

after a normal exit the value of the index is 6. However, it is good program-
ming practice to avoid using the index as a variable following a normal exit

until it has been redefined, as according to ANSI FORTRAN Standards the
value is undefined.
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The last statement of a DO loop must be executable, and must

not be an IF, GO TO or DO statement.

CONTINUE STATEMENT
This is a dummy statement, used primarily as a target for trans-

fers, particularly as the last statement in the range of a DO state-

ment. For example, in the sequence:

DO 7 K= INI T, LI MIT

IF (XCK)> 22>13>7

7 CONTINUE

«

a positive value of X(K) begins another execution of the range.

The CONTINUE provides a target address for the IF statement

and ends the range of the DO statement.

PAUSE, STOP, AND END STATEMENTS

The PAUSE and STOP statements affect FORTRAN object pro-

gram operation; the END statement affects assembler operation

only.

Pause Statement

The PAUSE statement enables the program to incorporate oper-

ator activity into the sequence of automatic events. The PAUSE
statement assumes one of two forms:

PAUSE
or PAUSE n

where n is an unsigned decimal number.

Execution of the PAUSE statement causes the octal equivalent

of the decimal number n to be displayed in the accumulator on the

user's console. Program execution may be resumed (at the next

executable statement) by depressing the CONTinue key on the

console.

In some cases the PAUSE statement may be used to give the

operator a chance to change data tapes or to remove a tape from

the punch. When this is done it is necessary to follow the PAUSE
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statement with a call to the OPEN subroutine. This subroutine

initializes the I/O devices and sets hardware flags that may have

been cleared by pressing the tape feed button. For example:

PAUSE..
CALL OPEN

NOTE
The GALL OPEN statement in OS/8 FOR-
TRAN also resets all I/O on unit 4, the as-

signable channel. Any further READs or

WRITEs on unit 4 without an intervening

IOPEN or OOPEN will print an error mes-

sage and abort.

Stop Statement

The STOP statement has the form:

STOP

It terminates program execution. STOP may occur several times

within a single program to indicate alternate points at which ex-

ecution may cease. Program control is either directed to a STOP
statement or transferred around it.

End Statement

The END statement is of the form:

. END

and signals the compiler to terminate compilation. The END state-

ment must be the last statement of every program. (In OS/

8

FORTRAN, the END statement generates a STOP statement as

well.)

Specification Statements

Specification statements allocate storage and furnish information

about variables and constants to the compiler. The specification

statements are COMMON, DIMENSION, and EQUIVALENCE
and, when used, must appear in the program prior to any execut-

able statement.
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COMMON STATEMENT
The COMMON statement causes specified variables or arrays to

be stored in an area available to other programs. By means of

COMMON statements, the data of a main program and/or the

data of its subprograms may share a common storage area. Vari-

bles in COMMON statements are assigned to locations in ascend-

ing order in field 1 beginning at location 200 storage allocation.

The COMMON statement has the general form:

where v is a variable name. See the section entitled Common Stor-

age Allocation for greater detail.

DIMENSION STATEMENT
The DIMENSION statement is used to declare array identifiers

and to specify the number and bounds of the array subscripts. The

information supplied in a DIMENSION statement is required for

the allocation of memory for arrays. Any number of arrays may be

declared in a single DIMENSION statement. The DIMENSION
statement has the form:

DIMENSION sls s2 , . . . , sn

where s is an array specification. For example:

DIMENSION AC 100)
DIMENSION Y(10).,PORT(25).>B<10, 10)* JC32)

Dimension statements are used for the purpose of reserving

sufficient storage space for anticipated data; it is the user's respon-

sibility to see that his subscripting does not conflict with the

DIMENSION statement declarations. For example:

DltMEMSION I(10>* J(10>#-K< 10>
I(2,4>=2
JU2> = 3

The above statements would assemble without error; at run time

1(8) would be set equal to 2 and K(2) would be set equal to 3.

NOTE
When variables in common storage are

dimensioned, the COMMON statement must

appear before the DIMENSION statement.
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EQUIVALENCE STATEMENT

The EQUIVALENCE statement causes more than one variable

within a given program to share the same storage location. This is

useful when the programmer desires to conserve storage space. The

form of the statement is:

EQUIVALENCE (vu v2 . . .) , . .

.

where v represents a variable name. The inclusion of two or more

variables within the parenthetical list indicates that these variables

are to share the same memory location and thus have the same

value. For example:

. EQUIVALENCE (RED, BLUE)

The variables RED and BLUE are now of equal value. The sub-

scripts of array variables must be integer constants. For example:

EQUIVALEWCE(X>A(3),YC2-»1 )).» CBETAC2, 2 ) , ALPHA)

Because of core memory restrictions within the compiler, vari-

ables cannot appear in EQUIVALENCE statements more than

once.

EQUIVALENCES, B..C)

is valid, but the statement:

EQUIVALENCE(A,B), (B,C)

would not compile correctly.

Variables may not appear in both EQUIVALENCE and COM-
MON statements.

Subprogram Statements

External subprograms are defined separately from the programs

that call them, and are complete programs which conform to all

the rules of FORTRAN programs. They are compiled as closed

subroutines; that is, they appear only once in core memory regard-

less of the number or times they are used. External subprograms

are defined by means of the statements FUNCTION and SUB-
ROUTINE. Functions and subroutines must be compiled indepen-

dently of the main program and then loaded together with the main
program by the Linking Loader.
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NOTE
Care should be exercised when naming a

subprogram or subroutine. It must not have

the same name as any of the FORTRAN
library functions or subroutines, or assembler

mnemonics or pseudo-ops, as errors are likely

to result. The Library Functions are listed in

this chapter, and the symbol table for the

o.r\_Dix nisavuiuivji 10 lialCu ixx -mppdnjiA -\^.

Subprogram definition statements may optionally contain dummy
arguments representing the arguments of the subprogram. They

are used as ordinary identifiers within the subprogram and are

replaced by the actual arguments when the subprogram is executed.

FUNCTION SUBPROGRAMS

A function subprogram is a subprogram which is called from

an arithmetic expression within the main program and returns a

single numeric value. A function subprogram begins with a FUNC-
TION statement and ends with an END statement. It returns con-

trol to the calling program by means of one or more RETURN
statements. The FUNCTION statement has the form:

T7T Tvrr-^TrwT :j~„+:fi— •„ r. „ \

where FUNCTION (or FUNC) declares that the program which

follows is a function subprogram, and identifier is the name of the

function being defined. The identifier must appear as a scalar vari-

able and be assigned a value during execution of the subprogram.

This value is the function's value.

Arguments appearing in the list enclosed in parentheses are

dummy arguments representing the function arguments. A function

must have at least one dummy argument. The arguments must

agree in number, order and type with the actual arguments used in

the calling program. Function subprograms may be called with ex-

pressions and array names as arguments. The corresponding dummy
arguments in the FUNCTION statement would then be scalar and

array identifiers, respectively. Those representing array names must

appear within the subprogram in a DIMENSION statement. Di-

mensions must be indicated as constants and should be smaller
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than or equal to the dimensions of the corresponding arrays in the

calling program. Dummy arguments to FUNCTION cannot appear

in COMMON or EQUIVALENCE statements within the func-

tion subprogram.

A function should not modify any arguments which appear jn

the FORTRAN arithmetic expression calling the function. The

only FORTRAN statements not allowed in a function subprogram

are SUBROUTINE and other FUNCTION statements.

The type of function is determined by the first letter of the identi-

fier used to name the function, in the same way as variable names.

The following short example calculates the gross salary of an

individual on the basis of the number of hours he has worked

(TIME) and his hourly wage (RATE). The function calculates

time and a half for overtime beyond 40 hours. The function name

is SUM.

FUNCTION SUMC TIME;. RATE)
IF (TIME- 40.

)

-l®, 10 .,20

10 SUM = TIME * RATE
RETURN

20 SUM = C40.*RATE) + ( TIME-40"i )*1 . 5*RATE
RETURN
END

Depending upon which path the program takes, control will re-

turn to the main program at one of the two RETURN statements

with the answer. Assume that the main program is set up with a

statement to read the employee's weekly record from a list of

information prepared, on the high-speed reader:

READ(2^5) NAME, NUM, NDEP, TIME., RATE

This statement reads the person's name, number, department num-

ber, time worked, and hourly wage. The main program then cal-

culates his gross pay with a statement such as the following:

GROSS = SUM (TIME , RATE)

and goes on to calculate withholdings, etc.

SUBROUTINE SUBPROGRAMS
A subroutine subprogram is a subprogram which is called by

the main program via a CALL statement, and may return several
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or no values. The subprogram begins with a SUBROUTINE state-

ment and returns control to the calling program by means of one

or more RETURN statements. The SUBROUTINE statement has

the form:

SUBROUTINE identifier (al5 a2 . . . a,,)

where SUBROUTINE declares the program which follows to be a

subroutine subprogram and the identifier is the subroutine name.

The arguments in the list enclosed in parentheses are dummy argu-

ments representing the arguments of the subprogram. The dummy
arguments must agree in number, order, and type with the actual

arguments, if any, used by the calling program.

Subroutine subprograms may have expressions and array names

as arguments. The dummy arguments may appear as scalar or array

identifiers. Dummy identifiers which represent array names must

be dimensioned within the subprogram by a DIMENSION state-

ment. The dummy arguments must not "appear in an EQUIVA-
LENCE or COMMON statement in the subroutine subprogram.

A subroutine subprogram may use one or more of its dummy
identifiers to represent results. The subprogram name is not used

for the return of results. A subroutine .subprogram need not have

any arguments, or may use the arguments to return numbers to the

calling program. Subroutines are generally used when the result of

a subprogram is not a singie vaiue.

Example SUBROUTINE statements are as follows:

SUBROUTINE FACTO ( COEFF , N, ROOTS)
SUBROUTINE RESID C NUM, N, OEM, M,RES>
SUBROUTINE SERIE

The only FORTRAN statements not allowed in a subroutine sub-

program are FUNCTION and other SUBROUTINE statements.

The following short subroutine takes two integer numbers from

the main program and exchanges their values. If this is to be done

at several points in the main program, it is a procedure best per-

formed by a subroutine.
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SUBROUTINE ICHGE (I.J)
ITEM=I
I = J
J=ITEM
RETURN
END

The calling statement for this subroutine might look as follows:

CALL ICHGE (M.N)

where the values for the variables M and N are to be exchanged.

CALL Statement

The CALL statement assumes one of two forms:

CALL identifier

or CALL identifier (a1? a2 . .
. , an)

The CALL statement is used to transfer control to a subroutine

subprogram. The identifier is the subroutine name.

The arguments (indicated by au through a„) may be expres-

sions or array identifiers. Arguments may be of any type, but must

agree in number, order, type, and array size with the corresponding

arguments in the SUBROUTINE statement of trie called subrou-

tine. Unlike a function, a subroutine may produce more than one

value and cannot be referred to as a basic element in an expression.

A subroutine may use one or more of its arguments to return

results to the calling 'program. If no arguments at all are required,

the first form is used. For example

:

CALL EXIT
CALL TEST C VALUE. 1 23. 275

)

The identifier used to name the subroutine is not assigned a

type and has no relation to the types of the arguments. Arguments

which are constants or formed as expressions must not be modified

by the subroutine.
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RETURN Statement

The RETURN statement has the form

:

RETURN

This statement returns control from a subprogram to the calling

program. Each subprogram must contain at least one RETURN
statement. Normally, the last statement executed in a subprogram

is a RETURN statement; however, any number of RETURN state-

ments may appear in a subprogram. The RETURN statement may
not be used in a main program.

FUNCTION CALLS
Function calls are provided to facilitate the evaluation of func-

tions such as sine, cosine, and square root. A function is a sub-

program which acts upon one or more quantities (arguments) to

produce a single quantity called the function value. A function call

may be used in place of a variable name in any arithmetic ex-

pression.

Function calls are denoted by the identifier which names the

function (i.e., SIN, COS, etc.) followed by an argument enclosed

in parentheses as shown below:

IDENT (ARG, ARG, . . . , ARG)

where IDENT is the identifying function name and ARG is an

argument which may be any expression. A function call is eval-

uated before the expression in which it is contained.

FUNCTION LIBRARY
The standard FORTRAN library contains built-in functions, in-

cluding user-defined functions and subroutine subprograms.

Table 7-4 lists the built-in functions. These are open subrou-

tines: they are incorporated into the compiled program each time

the source program names them.

Function and subroutine subprograms are closed routines; their

coding appears only once in the compiled program. These routines

are entered from various points in a program through jump-type

linkages.
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NOTE
A FORTRAN compiler and its correspond-

ing Library constitute an interlocking set of

programs. No user should attempt to compile

a program under OS/8 and load it with the

paper tape FORTRAN, or vice versa. Sim-

ilarly, programs developed with the current

FORTRAN compiler should not be run un-

der an old FORTRAN system.

Table 7-4 FORTRAN Function Library

Function Definition

Type
of Argument (s)

ABS(x)
IABS(x)

the absolute value of x
the absolute value of x

real

integer

FLOAT(x) convert x from integer to real

format
integer

IFIX(x) convert x from real to integer

format
real

IREM(O) remainder of last integer divide

is returned

integer

IREM(x/y) remainder of x/y is returned integer

EXP(x)
ALOG(x)

exponential of x, ex

natural logarithm of x, loge
x

real

real

SIN (x) sine of x, where x is given in

radians

real

COS (x) cosine of x, where x is given in

radians

real

TAN(x) tangent of x, where x is given in

radians

real

ATAN(x) arc tangent of x, where x is given

in radians

real

SQRT(x) , square root of x is returned real

IRDSW(O) read the console switch register, integer

returning a decimal equivalent

of the octal integer in the switch

register. The switch register can
.be set before executing the

FORTRAN program or, using

the PAUSE statement, during

execution.
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FLOATING POINT ARITHMETIC
In general, floating point arithmetic calculations are accurate to

seven digits with the eighth digit being questionable. Subsequent

digits are not significant even though several may be typed to satisfy

a field width requirement. With the exception of the arctangent

function, which is accurate to seven places over the entire range,

results of function operations are accurate to six decimal places.

The floating point arithmetic routines check for both overflow

and underflow. Overflow will cause the OVFL error message

to be printed and program execution will be terminated. Under-

flow is detected but will not cause an error message. The arithme-

tic operation involved will yield a zero result.

DEVICE INDEPENDENT I/O AND CHAINING
OS/ 8 FORTRAN provides for device independent, file-oriented,

formatted I/O through use of the device number 4 in the READ
and1 WRITE statements and several utility subroutines. These are

described below.

The IOPEN Subroutine

The subroutine IOPEN prepares the system to accept input

from a specified device when device code 4 is used in a READ
statement. IOPEN takes two arguments which are interpreted as

Hollerith strings. After a

CALL IOPENCA,B)

any READ statement reading from device 4 will read from the file

specified by B (which must have the extension .DA) on the device

specified by A. For example:

CALL I0PENCDTA5' ^' INPUT' )

will prepare for input from the file DTA5:INPUT.DA

CALL IOPENC 'Fl ',0)
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will prepare for input from the device Fl, which, in this case, is a

non-file-structured device.

If the file and device names are input via READ statements

which use A format in their FORMAT statements, then A6 format

must be used. @ signs rather than spaces should -be used to fill in

empty characters. For example, the following statements are con-

tained in a program

:

WRITE CI, 20)
20 FORMAT CENTER FILE NAME* )

READ C1.»22)FNAME
22 FORMAT CA6)

CALL IOPENC'DSK* ,FNAME)

The Teletype prints:

ENTER FILE NAME

and the user responds:

ABC§@@

The OOPEN Subroutine

The subroutine OOPEN prepares the system to send output to

a specified device when device code 4 is used in a WRITE state-

ment. The arguments of OOPEN are treated like those of IOPEN.

Future WRITE statements using device 4 write on the device and

file specified in the call to OOPEN. An error message is printed

if the program has previously issued a CALL OOPEN without

issuing a subsequent CALL OCLOSE. For example:

CALL OOPENC 'PTP' ,0) '

prepares device 4 to output on device PTP

.

CALL OOPENC 'SYS', ' LADE')

prepares device 4 to output to the file SYS:LADE.DA.
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The OCLOSE Subroutine

The subroutine OCLOSE is called with no arguments. Its func-

tion is to terminate output on the output file opened by OOPEN.
If OCLOSE is not called after a file has been written, that output

file will never exist on the specified device.

The CHAIN Subroutine

A call to the subroutine CHAIN terminates execution of the call-

ing program and starts execution of the core image on the system

device as specified by the argument to CHAIN. Variables in com-
mon storage are not disturbed. For example:

CALL CHA INC 'PROGS*

)

causes the file SYS:PROG2.SV to be loaded and started. Notice

that PROG2 must be compiled and stored on the system device as

a core image (.SV) file in order to be successfully accessed.

The EXIT Subroutine

To return to the Keyboard Monitor from a FORTRAN program,

the EXIT subroutine is used, as follows:

CALL EXIT

DECTAPE I/O ROUTINES
RTAPE and WTAPE (read tape and write tape) are the DEC-

tape read and write subprograms for the 8K FORTRAN and 8K
SABR systems. For the paper tape FORTRAN system, these sub-

programs are furnished on one relocatable binary-coded paper tape

which must be loaded into field by the 8K Linking Loader, where

they occupy one page of core.

RTAPE and WTAPE allow the user to read and write any
amount of core-image data onto DECtape in absolute, non-file-

structured data blocks. Many such data blocks may be stored on
a single tape, and a block may be from 1 to 4096 words in length.

RTAPE and WTAPE are subprograms which may be called with

standard, explicit CALL statements in any 8K FORTRAN or
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SABR program. Each subprogram requires four arguments sep-

arated by commas. The arguments are the same for both subpro-

grams and are formatted in the same manner. They specify the

following:

1. DECtape unit number (from to 7)

2. Number of the DECtape block at which transfer is to start.

The user may direct the DECtape service routine to begin

searching for the specified block in the forward direction

rather than the usual backward direction by making this

argument the two's complement of the block number. For

additional information on this and other features the reader

is referred to the DECtape Programmer's Reference Man-

wa/(DEC-08-SUCO-D).
3. Number of words to be transferred (1<N<4096).
4. Core address at which the transfer is to start.

The general form is:

CALL RTAPE (n,, n2 , n3 , n4 )

where ni is the DECtape unit number, n2 is the block number, n3

is the number of words ,to be transferred, and n4 is the starting

address.

In 8K FORTRAN, an example CALL statement to RTAPE
could be written in the following format (arguments are taken as

decimal numbers)

:

CALL RTAPEC 6* 128*388^0^)

In this example, LOCA may or may not be in common.

As a typical example of the use of RTAPE and WTAPE, assume

that the user wants to store the four arrays A, B, C, and D on a

tape with word lengths of 2000, 400, 400, and 20 respectively.
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Since PDP-8 DECtape is formatted with 1474 blocks (numbered

0-2701 octal) of 129 words each (for a total of 190,146 words) 7
,

A, B, C, and D will require 16, 4, 4, and 1 blocks respectively.

DIMENSION IDIRC258)
CALL RTAPEC5.,2.,258., IDIR)

would read Block 2 (OS/8 Block 1) of DECtape #5.

Each array must be stored beginning at the start of some DECtape

block. The user may write these arrays on tape as follows:

CALL WTAPEC0., 1., 2000 ..A)

CALL WTAPE(0^1 7^400,B)
CALL WTAPE(0j21,400.»C>
CALL WTAPE(0 J 25^20^D)

The user may also read or write a large array in sections by

specifying only one DECtape block (129 words) at a time. For

example, B could be read back into core as follows:

CALL RTAPEC0* 1 7*258.»BC1 ) >

CALL RTAP E(0j 1 9 j 129jB(259) )

CALL RTAPEC0 J 20 J 13 J B<388) )

As shown above, it is possible to read or write less than 129

words starting at the beginning of a DECtape block. It is impos-

sible, however, to read or write starting in the middle of a block.

For example, the last 10 words of a DECtape block may not be

read without reading the first 119 words as well.

7 The block numbers used by RTAPE and WTAPE should not be confused

with the record numbers used by OS/ 8. An OS/ 8 record is 256 words

—

roughly twice the size of a DECtape block. An RTAPE or WTAPE record

number is exactly twice the corresponding OS/ 8 record number. For ex-

ample, to read the first segment of the OS/8 directory on DECtape #5,
the statements:
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A DECtape read or write is normally initiated with a backward

search for the desired block number. To save searching time, the

user may request RTAPE or WTAPE to start the block number

search in the forward direction. This is done by specifying the neg-

ative of the block number. This should be used only if the number

of the next block to be referenced is at least ten block numbers

greater than the last block number used. For example, if the user

has just read array A and now wants array D, he may write:

CALL RTAPEC0, 1 ,2000, A)

CALL RTAPEC0, -27,20, D)

The following section of a program demonstrates the use of

DECtape I/O. Assume that values are already present on the

DECtape.

DIMENSION DATAC500)

NB =

SUM=0

.

DO 100 N=l,10
CALL RTAPE C 1

, -NB, 1500, DATA)
TEM=0.
DO 50 K= 1,500

50 TEM=TEM+DATACK)
SUM=SUM+TEM

100 NB=NB+24
AMEAN=SUM/5000.

;

WRITE CI,; 10) SUM, AMEAN
CALL EXIT

110 FORMAT C
, SUM=' ^E.15.7' MEAN= ' , El 5. 7///

)

END'

OS/8 FORTRAN LIBRARY SUBROUTINES
Table 7-5 contains a summary of the OS/8 FORTRAN library

subroutines. This list describes the routines available under OS/

8

FORTRAN, their functions, and other routines which must also
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be present in order for them to be used. The Subroutine Names
listed are the files which comprise OS/8 Source DECtape #3
(available from the Software Distribution Center upon request).

Table 7-5 FORTRAN II Library Subroutines

Entry

Points, Routines Core

or Defined That are Require- Function the

Subroutine External Pre- ments Routine

Name Symbols requisites (Pages) Performs

IOH 'READ' FLOAT 11 Handles Input

'WRITE' UTILTY and Output

TOH' INTEGR Conversion

FLOAT 'FAD'

'FSB'

'FMP'

'FDV
'STO'

'FLOT'

'FLOAT'
'T7TY'X Xd X.

'IFIX'

TFAD'
TSTO'

'ABS'

'CHS'

UTILTY 5 Floating

Point Arith-

metic Package

UTILTY 'OPEN'

'GENIO'

'EXIT'

'ERROR'
'CKIO'

INTEGR 3 FORTRAN De-

vice Routines,

Error Exit,

Normal Exit

POWERS TFPOW' FLOAT 3 Handles Num-
'FFPOW' UTILTY bers to

'EXP' IPOWRS Floating

'ALOG' INTEGR Powers
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Table 7-5 FORTRAN II Library Subroutines (Cont.)

Entry

Points, Routines Core

or Defined That are Require- Function the

Subroutine External Pre- ments Routine

Name Symbols requisites (Pages) Performs

INTEGR 'IREM' UTILTY 2 Integer Math
'IABS' Package
'DIV

- 'MPY'

'IRDSW
'CLEAR'
'SUBSC

TRfG 'SIN' FLOAT 2 Handles Sine,

'COS' Cosine, and
'TAN' Taneent

ATAN 'ATAN' FLOAT

SQRT 'SQRT' FLOAT
UTILTY

Handles Arc-

tangents

Handles Square

Roots

IPOWRS TIPOW FLOAT
'FIPOW INTEGR

Handles Num-
bers to Integer

Powers

IOPEN TOPEN' UTILTY
'OOPEN'
'OCLOS'

'CHAIN'

OS/8 Device-

Independent

I/O, and

Chaining

Routines

RWTAPE 'RTAPE' UTILTY 1

'WTAPE'
OS/ Indepen-

dent DECtape
I/O Routines
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MIXING SABR AND FORTRAN STATEMENTS
An S in column 1 of an input line identifies that line as contain-

ing SABR code. This feature is very useful for performing in-

structions which are undefined in the FORTRAN language. For

example:

DIMENSION MC10)

T KA f 1 \u-n v i j

DO 55 K==2,10
L=M(K)

s TAD \L
s AND \J
s DCA \J
55 CONTINUE

This section of code will form the logical AND of M(l) through

M ( 1 ) in the variable J

.

Notice that whenever a FORTRAN variable is used in a SABR

statement, the variable name is preceded by a backslash (\).

FORTRAN line numbers referenced in SABR statements are also

preceded by a backslash for identification purposes. (A backslash

is produced by typing a SHIFT/L.)
Tnfnrmotmn nn osiliina cnhrrnitines which are written in SABR

assembly language from a FORTRAN program may be found m
the SABR chapter

.

SIZE OFA FORTRAN PROGRAM
The maximum size of any FORTRAN program is 36 octal or

30 decimal pages of code.

OS/8 can run FORTRAN programs in 8 to 32K of core. No

one program or subprogram can be longer than 4K, however.

The user can estimate the size of his program as follows: Take

the amount of core available on the system (at least 8K) and from

it subtract 4K for the linkage subroutines^ external symbol table,

and I/O, math, error, and utility subroutines. From the remainder

subtract the amount of storage required for data. The remaining

space can be used to hold FORTRAN coding, at the rate of 50-70

FORTRAN statements per IK of core.
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One way to have a longer FORTRAN program in core than is

usually possible is to divide a FORTRAN program into three

chained segments:

Segment 1—inputs data into common storage

Segment 2—FORTRAN program for data processing

Segment 3—does output to desired device (s)

This gives two space advantages:

1. The entire program does not have to fit into available core,

only the largest segment.

2. If no I/O statements are used in the middle (computational)

segment, the I/O conversion routines will not be loaded with

that segment. Since these routines occupy over 1 1 00i words,

this technique allows the computational segment to be from

50 to 80 statements longer than a similar program contain-

ing I/O statements.

When chaining to a subroutine, the user must be sure he has com-
piled, loaded, and saved a complete runnable main program on the

system device. This program is brought into core by the FORTRAN
CHAIN subroutine.

FORTRAN STATEMENT SUMMARY
A summary of the statements available under OS/8 FORTRAN

follows.

Table 7-6 FORTRAN Language Summary

Statement * Definition

Arithmetic Statements

v=e v is a variable (scalar or array);

e is an expression.

Control Statements
~°—"~^""~"""""""^~

'v
1
*

"

GOTO n Transfer control to the statement

numbered n.
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Table 7-6 FORTRAN Language Summary (Cont.)

Statement Definition

GOTO (n^,...,^))

IF(expression) nl5n2,n3

DO n i=m1,m2,m3

CONTINUE

PAUSE
PAUSE n

STOP

END

Input/ Output Statements

FORMAT (s^sa,...^)

Where nj-nj are statement num-
bers and j is a scalar integer vari-

able. This statement transfers

control to the j
th member of the

series of nj.

This statement transfers control

to the statement numbered nlsn2 ,

or n3 if the value of the numeric

expression is less than, equal to,

or greater than zero, respectively.

The expression can be simple or

complex.

Repeat execution through state-

ment n, beginning with i=mlt in-

crementing by m3 , while i is less

than or equal to m2 . If r% is

omitted, it is assumed to be 1.

m's and i's cannot be sub-

scripted, m's can be either in-

teger numbers or integer vari-

ables; i is an integer variable.

Dummy statement, used primar-

ily as a target for transfers, par-

ticularly the last statement in the

range of a DO loop. A DO loop

need not end with a CONTINUE
statement.

Temporarily suspend execution.

The octal equivalent of the deci-

mal number n is displayed in the

accumulator. Program execution

can be resumed by following the

statement with a call to the

OPEN subroutine.

Terminate execution.

Terminate compilation; must be

the last statement in a program.

Where S^S,, are data field spe-

cifications, this statement is used

with either a READ or WRITE
statement.
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Table 7-6 FORTRAN Language Summary (Cont)

Statement

READ (u,f) list

WRITE (u,f) list

Definition

Where u is a device designation

(integer constant or integer vari-

able), f is a FORMAT state-

ment number, and list is a list of

variables.

Where u is a device designation

(integer constant or integer vari-

able), f is a format statement

number, and list is a list of vari-

ables.

Specification Statements

COMMON vlf v2,...,vn

DIMENSION al5a2,...,an

EQUIVALENCE (vl5v2,...,),

(Vi,Vi+ 1 ,...)

Specified variables or arrays are

stored in an area available to

other programs.

Used to declare variable names

to be array names and specify

the number and bounds of each

one and two dimensional array.

The inclusion of two or more

variable or array names in a

parenthetical list indicates that

the quantities in the list are to

share the same memory location

and hence have the same value.

Subscripts of array variables

must be integer constants. Names
must not appear in both EQUIV-
ALENCE and COMMON state-

ments.

Subprogram Statements

FUNCTION v( ai ,a2,...,an ) Declares the program which fol-

lows to be a function subpro-

gram, v is the name of the func-

tion being defined, v must appear

as a scalar variable and be as-

signed a value during execution

of the subprogram.
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Table 7-6 FORTRAN Language Summary (Cont.)

Statement

SUBROUTINE v( ai,a2,...,an )

CALL v

Definition

Declares the program which fol-

lows to be a subroutine subpro-

gram. The arguments in the

list(s) are dummy arguments

representing the arguments of the

subprogram. Dummy arguments
must agree in number, order,

and type with the arguments
used by the calling program.

Statement used to transfer con-

trol to a subroutine subprogram.

v is the subroutine name in the

SUBROUTINE statement. The
arguments can be of any type,

but must agree in number,
order, type and array size with

the arguments in the SUBROU-
TINE statement. One or more of

the arguments can be used to re-

turn results to the calling pro-

gram. For example:

CALL EXIT

CALL TECK ( 'MASS 3)

RETURN Returns control from a subpro-

gram to the calling program.

Each subprogram must contain

at least one RETURN state-

ment. RETURN cannot be used

in the main program.

FORTRAN ERROR MESSAGES

Compiler Error Messages

The following OS/8 FORTRAN Compiler error messages are

self-explanatory.
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ARITHMETIC EXPRESSION TOO COMPLEX
EXCESSIVE SUBSCRIPTS
ILLEGAL ARITHMETIC EXPRESSION
ILLEGAL CONSTANT
ILLEGAL CONTINUATION
ILLEGAL EQUIVALENCING
ILLEGAL OR EXCESSIVE DO NESTING
ILLEGAL STATEMENT
ILLEGAL STATEMENT NUMBER
ILLEGAL VARIABLE
MIXED MODE EXPRESSION
SYMBOL TABLE EXCEEDED
SYNTAX ERROR (usually indicates illegal

punctuation)

SUBR. OR FUNCT. STMT. NOT FIRST

In addition, OS/ 8 FORTRAN contains the following error

messages:

Message Explanation

COMPILER The meaning of this message has been

MALFUNCTION extended to cover various unlikely Mon-
itor errors.

IO A device handler has signalled an I/O
error.

NO END STATEMENT The input to the Compiler has been ex-

hausted.

NO ROOM FOR The file FORTRN.TM cannot fit on the

OUTPUT system device.

SABR.SV NOT FOUND The SABR assembler is not present on

the "system device.

Library Error Messages

During execution, the various library programs check for certain

errors and print error messages in the form:

XXXX ERROR AT LOC NNNNN

where XXXX is the error code and NNNNN is the location of

the error.
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Table 7-7 FORTRAN Library Error Messages

Error Code Meaning

The following errors are fatal and cause a return to the Keyboard
Monitor.

ALOG Attempt to compute log of negative number.

IOER One of the following has occurred:

1 T")<=i7ic<*-'»">'1er«s"flf»nf inniit Or nnfrint' at-

tempted without /I or /0 options, or user

attempted to specify a device requiring a

two-page handler for device-independent

I/O without using the /H option.

2. Bad arguments to IOPEN or OOPEN, or

3. Transmission error while doing I/O.

CHER File specified as argument to CHAIN not found

on,system device.

FMT1 Invalid Format statement.

The following input errors are fatal unless input is coming from

the Teletype, in which case the entire READ statement is tried

again.

FMT2 Illegal character in I format.

FMT3 Illegal character in F or E format.

The following errors do not termniate execution of the user's

program.

DIVZ Division by zero—very large number is re-

turned.

EXP Argument to EXP too large—very large num-

ber is returned.

OVFL Floating point overflow—very large number is

returned.

FLPW Negative number raised to floating point

power—absolute value taken.

SQRT Attempt to take square root of negative number

—absolute value used.

FIX Attempt to fix a number >2047; 2047 is re-

turned.
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In addition, the error message:

USER ERROR 1 AT XXXX

means that the user tried to reference an entry point of a program

which was not loaded, or possibly that he failed to define a sub-

scripted variable in a DIMENSION statement. XXXX has no

meaning.

To pinpoint the location of a library program execution error:

1

.

Determine, from the storage map, the next lowest numbered

location (external symbol) which is the entry point of the

program or subprogram containing the error.

2. Subtract, in octal, the entry point location of the program

, or subprogram containing the error from the location of the

error indicated in the error message.

3. From the assembly symbol table, determine the relative

address of the external symbol found in step 1 and add that

relative address to the result of step 2.

4. The sum of step 3 is the relative address of the error, which

can then be compared with the relative addresses of the

numbered statements in the program.

Undefined statement numbers are not detected until the assembly

phase, at which time a U error message is given. (Refer to the list

of SABR error messages. ) „ -
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Fortran iv

FORTRAN IV SYSTEM OVERVIEW
OS/8 FORTRAN IV provides full standard ANSI FORTRAN

IV under the OS/8 operating system. The FORTRAN IV package

requires a minimum hardware environment consisting of a PDP-8

.

family processor with at least 8K of mainframe memory, a console

terminal, and at least 96K of mass storage: The system is auto-

matically self-expanding to employ a KE8-E Extended Arithmetic

Element, FPP-12 Floating Point Processor, up to 32K of main-

frame memory, and any bulk storage or peripheral I/O devices

that may be present in the system.

Although such factors as maximum program size and minimum
execution time depend heavily on the hardware configuration on

which any program is run, OS/8 FORTRAN IV affords the full

capability of the FORTRAN IV language, even on a minimum
configuration, subject only to the restriction that double precision

and complex number operations require an FPP-12 with extended

precision option. The system is highly optimized with respect to

memory requirements, and an overlay feature is included that can

permit programs requiring up to 300K of virtual storage to run on a

PDP-8 or PDP-12. The library functions permit the user to access

a number of laboratory peripherals, to evaluate a number of

transcendental functions, to manipulate alphanumeric strings, and

to output to a standard incremental plotter.

A FORTRAN IV program written by the user is called a source

program, to distinguish it from the various object programs

generated by the OS/8 FORTRAN IV system. Source programs*

may be prepared off line on punched cards or low-speed paper

tape; however, it is usually most convenient to prepare source

programs on line by means of an editing program such as TECO or

EDIT. (See Figure 8-1.) The source file produced in this manner
is an image of the corresponding punched-card file, with carriage
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return and line feed characters separating adjacent statements (that

would otherwise appear on adjacent punched cards) and ASCII

spaces or tabs entered in place of blank columns. Because of the

close analogy between punched card source files and other types

of source files, the terms "character" and "column" are used

interchangeably in this manual.

EDITOR

Figure 8-1 Preparing a FORTRAN IV Source File

Once a source program has been prepared, it is supplied as input

to the FORTRAN IV compiler, which translates each FORTRAN
statement into one or more RALF (Relocatable Assembly

Language, Floating-point) statements and produces an output file

containing an assembly language version of the source program,

plus an optional annotated listing of the source. (See Figure 8-2.)
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This is accomplished in three passes. System program F4.SV

begins compilation by building a symbol table and generating

intermediate code. F4 chains to PASS2.SV automatically, and

PASS2 calls PASS20.SV to complete the translation into assembly

language during compilation pass 2. If a source listing was re-

quested, PASS20 chains to PASS3.SV automatically, and PASS3

generates the listing during pass 3. Like PASS2, PASS20 and

PASS3 are never accessed directly by the user.

Figure 8-2 Compiling a Source File

The RALF assembly language output produced by the compiler

must be assembled by system program RALF.SV, the RALF
assembler. (See Chapter 5 for a description of the RALF assem-

bler.) During assembly, each RALF assembly language statement

is translated into one or more instructions for either the PDP-8
processor or the FPP and an output file is created containing a
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relocatable binary version of the assembly language input. This is

accomplished in two passes; a third pass is executed to generate an

annotated listing of the assembly language input file, if requested.

The relocatable binary file produced by the RALF assembler is

a machine language version of a single program or subroutine. This

file, called a RALF module, must be linked with its main program

(if it is a subroutine) and with any other subroutines, including

subroutines from the system library (e.g., FORLIB.RL) that it

requires in order to execute. System program LOAD.SV. the OS/8
FORTRAN IV loader, accepts a list of RALF module specifica-

tions from the console terminal and builds a loader image file

containing a relocated main program linked to relocated versions

of all subroutines and library components that the mainline re-

quires in order to execute. (See Figure 8-3.)

The loader image file is an executable core load, complete

except for run-time I/O specifications. It may be stored on any

mass storage (directory) device and executed whenever desired.

The loader also produces an optional symbol map that indicates

the core storage requirements of the linked and relocated program.

The overlay feature of the loader permits certain segments of a

program to be stored in the loader image file during execution and

read into core memory only as needed, which effectively provides

a tenfold increase in maximum program size.

The loader imaae file produced bv the loader is read and

executed by system program FRTS.SV, the OS/8 FORTRAN IV

run-time system, which also configures an I/O supervisor to handle

any FORTRAN input or output in accordance with run-time I/O

specifications. This makes the full I/O device independence of the

OS/8 operating system available to every FORTRAN IV program,

and permits FORTRAN programs to be written without concern

for, or even knowledge of, the hardware configuration on which

they will be executed. The run-time system assigns I/O device

handlers to the I/O unit numbers referenced by the FORTRAN
program, allocates I/O buffer space, and also diagnoses certain

types of errors that occur when the loader image file is read into

core. If no errors of this sort are encountered, the run-time system

starts the FORTRAN program and monitors execution to check

for run-time errors involving data I/O, numeric overflow, hard-

ware malfunctions, and the like. Run-time errors are identified at

the console terminal, and, when a run-time error occurs, the
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system also provides complete error traceback to identify the full

sequence of FORTRAN statements that terminated in the error

condition.

OR

RALF
ASSEMBLY ASSEMBLY

EXECUTION

Figure 8-3 Assembling, Loading, and Executing a RALF File

The compiler, assembler, loader, and run-time system each

accept standard OS/8 Command Decoder option specifications,

as do most OS/8 programs. The option specifications are alpha-

numeric characters which may be thought of as switches that, by
their presence or absence, enable or disable certain program
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features and conventions. For example, specifying the N option

to the compiler suppresses compilation of internal sequence num-
bers, thereby reducing program memory requirements (at the cost

of preventing full error traceback during execution). Thus, N is

one of the compiler run-time option specifications which may be

requested to modify the usual compilation procedure. In this con-

text, run-time refers to the time at which the compiler, or other

system program is executed, rather than the time at which the

POPTP ANT i^rnorctm ic p\^r\itpri

A FORTRAN source program may be executed by calling the

compiler to convert the source into RALF assembly language, then

calling the assembler to produce a relocatable binary file, calling

the loader to link and relocate the binary file, and finally calling the

run-time system to load the program and supervise execution.

OS/8 FORTRAN IV provides a program chaining feature that

can simplify or eliminate this sequence of program calls in most

cases. When chaining is requested, the first system program to be

executed automatically calls the next program in the compiler/

assembler/loader/run-time system sequence. When the compiler

chains to the assembler, for example, the five programs (the com-

piler consists of four programs) function as a single unit that

accepts FORTRAN source language input and generates relocat-

able binary output, suitable for use as input to the loader. In this

manner, simple FORTRAN programs may be compiled, assem-

bled, relocated, loaded, anu executeu, an as tne resuit Oi a smgiC

Keyboard Monitor or CCL command. More complicated programs

involving subroutines and, perhaps, overlays, do not admit to a

high degree of chaining because a great deal of user input in the

form of run-time option specifications may be required at some

point in the chain. In general, however, it is usually most Con-

venient to chain from the compiler to the assembler (combining

compilation and assembly into a single operation) and from the

loader to the run-time system (combining relocation, loading, and

execution).

Errors encountered by the various system programs do not

result in termination of program chaining unless the error is such

that it is impossible for execution to continue. This permits the

system to locate and identify as many errors as possible before

returning control to the Keyboard Monitor. When chaining is
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requested, intermediate output files produced by one system pro-
gram are deleted automatically after they have been read as input
by the next program in the chain sequence. This serves to optimize
storage requirements and minimize access time, particularly on
DECtape and LINCtape based systems.

The OS/8 FORTRAN IV system also includes FORLIB.RL, a
library of FORTRAN functions and subroutines, plus LIBRA,
the system librarian program. Almost every FORTRAN program
executes calls to library functions and subroutines which perform
such tasks as mathematical function evaluation, data I/O and
numeric conversion. When the loader recognizes that a program
or subroutine has called a library component, it copies a relocated
version of the referenced library routine into the loader image file

and links it to the calling routine. LIBRA is used to maintain the
library by inserting or deleting library functions or subroutines,
which are simply assembled FORTRAN files or specially coded
RALF modules. LIBRA may also be used to create alternate
libraries for use in place of the standard system library.

Because it affords full I/O device independence, highly op-
timized memory and bulk storage, program chaining, and a variety
of run-time options, OS/8 FORTRAN IV is necessarily some-
what complicated. In order to use the system most efficiently, it

is important to identify the four processes that must be performed,
in the proper sequence, to execute a FORTRAN source program:

Process Performed by

COMPILATION FORTRAN IV compiler (F4, PASS2,
PASS20 and PASS3).

ASSEMBLY RALF assembler (RALF).
RELOCATION FORTRAN loader (LOAD) using sys-

tem library.

EXECUTION FORTRAN run-time system (FRTS).

It is also important to identify the types of input that must be
supplied to each process listed above and the types of output that
will be produced. The OS/8 FORTRAN IV system accepts user-
generated FORTRAN source programs (supplied as input to the
compiler) and user-written RALF assembly language files (supplied
to the assembler) as input. It generates four types of output files:
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a. RALF assembly language files generated by the compiler

and read as input by the assembler. Compiler output is

functionally equivalent to user-written RALF language

input.

b. Relocatable binary files generated by the assembler and

read as input by the loader.

c. Loader image files generated by the loader and read as

input by the run-time system. Once a program has been

written and debugged, it may be stored as a loader image

file and executed whenever required without the necessity

for further compilation, assembly, or relocation.

d. Optional listing files including the FORTRAN source

listing produced by the compiler, the RALF language listing

produced by the assembler, and a symbol map produced by

the loader.

In addition, the FORTRAN program itself usually reads and

writes data files under the supervision of the run-time system;

FORTRAN I/O files are treated separately in the section on the

FORTRAN IV Run-Time System.

Every FORTRAN source program thus generates up to three

object files, aside from any I/O files that may be read or written

during execution, and up to three listing files. System-generated

«w r,™ t«oc+ or»nvi»ni^ntlv identified bv assigning them the same

file name as the source.from which they were produced and a file

extension that identifies them by type. Table 8-1 lists the standard

file extensions used to identify various types of source and system-

generated files. The standard extensions are called default ex-

tensions because, when any output file name is specified with a null

extension, the appropriate standard extension is appended by

default. Thus, specifying file "PROG" or "PROG." to the RALF

assembler, for example, causes the relocatable binary output from

the assembly to be written on file "SYS:PROG.RL" where "SYS:"

is the default device when a file name is explicitly defined and

".RL" is the default extension for relocatable binary files. Specify-

ing a null file causes this output to be routed to file "DSK:

FORTRN.RL" where "DSK:" is the OS/8 default device and

"FORTRN" is the default output file name. For clarity, all

examples in this chapter will use either null or default extensions,

although the user may explicitly specify any extension desired.
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Table 8-1 Standard FORTRAN IV Ffle Extensions

Extension File Type

.FT FORTRAN language source file.

.RA RALF assembly language file.

.RL Relocatable binary (assembler output).

.LD Loader image.

.LS Listing or symbol map.

.TM System temporary file. Created by certain multipass pro-

grams and normally deleted automatically after use.

This chapter assumes that the reader is familiar with the OS/

8

operating system; however, all material has been presented in a

manner that requires minimal experience with OS/8. Every reader

should understand the use of the OS/8 Keyboard Monitor

(although only the monitor R command is referenced here) and

the OS/8 Command Decoder. In particular, notice that all Com-

mand Decoder .file/option specifications presented here are

illustrated in a standard format which may not be the most con-

venient format for an experienced user's particular application. In

addition, the Command Decoder provides file storage optimization

features which may be invaluable in many applications, but are

not covered in this chapter. DECtape and LINCtape users will

benefit from an understanding of the OS/ 8 file structure, so that

they may assign I/O files in a manner that minimizes access time

on tape-based systems.

The FORTRAN IV system of programs may be entered through

the CCL commands COMPILE, EXECUTE, and LOAD. These

commands are described in the CCL section of Chapter 1.

THE FORTRAN IV COMPILER
The OS/8 FORTRAN IV. compiler accepts one FORTRAN

source language program or .subroutine as input, examines each

FORTRAN statement for validity, and produces a list of error

diagnostics plus a RALF assembly language version of the source

program, along with an optional annotated source listing, as out-

put. A job containing one or more subroutines is run by compiling

and assembling the main program and each subroutine separately,

then combining them with the loader. F4 terminates a compilation

by chaining to the RALF assembler automatically unless it was

8-9



requested to return to the Keyboard Monitor. The compiler is

called by typing:

R F4

(terminated by a carriage return) in response to the dot generated

by the Keyboard Monitor. F4 may also be called via the CCL
command COMPILE (see the CCL section in Chapter 1). It replies

by loading the OS/8 Command Decoder, which accepts and decodes

a standard command line that designates to 3 output files, 1 to 9

input files, and any run-time option specifications. The file/option

specification command line is entered by typing:

DEV:RALF.RA,DEV:LIST.LS,DEV:MAP.LS<DEV:IF1.FT
!
... ,DEV:IF9.FT(options)

(terminated by a carriage return) in response to the asterisk

generated by the Command Decoder, where DEV:RALF.RA,
DEV:LIST.LS, and DEV:MAP.LS are output files, RALF assem-

bly source file, listing file, and loader symbol map file, respectively.

The files DEV.IF1.FT, . . . ,DEV:IF9.FT are input files 1 to 9.

Options is a string of alphabetic characters, enclosed in paren-

theses, that designates any run-time options desired. The "•<-"

character may be used in place of the "<" character to separate

output file specifications from input file specifications. The paren-

theses may be omitted if each run-time option specification char-

acter is preceded by a "/" character.

When any input file name is entered with a null extension, the

compiler will search for the indicated file name with an assumed ex-

tension of ".FT", and, if this is unsuccessful, it will then search for

the indicated file with a null extension. If the first output file

RALF.RA is entered with a null extension, the compiler appends

the default extension ".RA". If the second output file is a directory

device file with a null extension, the compiler appends the default

extension ".LS". Note that unless chaining to RALF, the first out-

put file is always written onto the OS/8 system device; any user

device specification entered for this file will be ignored when the A
option is specified. When there is more than one input file, all of

the input files are assumed to contain a single FORTRAN program

or subroutine.
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After accepting and decoding the file/option specification com-

mand, the compiler reads the input files in the order they were

entered, and compiles each FORTRAN source- statement until an

END statement is encountered. Any text following the first END

'

statement is ignored. The compiler then writes a RALF assembly

language version of the source program onto the first output file,

or onto file SYS:FORTRN.RA if no first output file was specified.

It also copies an annotated source program listing onto the second

output file; however, this listing is not produced unless a second

output file was specifically defined. The third output file is not

used by the compiler, it receives a loader, symbol map only when

chaining to the loader.

An internal statement number (ISN) is assigned to each

FORTRAN IV statement sequentially, in octal, beginning with

ISN 2 at the first FORTRAN statement. When an error is en-

countered during compilation, the compiler prints a 2-character

error code, followed by the ISN of the offending statement, on the

console terminal during pass 2. An extended error message is

printed below every erroneous statement in the listing, provided

that a listing is produced. Certain errors cause an immediate re-,

turn to the Keyboard Monitor, however, in which case the listing

file is never produced. Table 8-3 lists the FORTRAN compiler

error messages and describes the error condition indicated by each

message.

The compiler accepts four run-time option specifications, listed

in Table 8-2, any combination of which may be requested by

entering the appropriate alphabetic character(s) in the Command
Decoder file/option specification line. Any run-time options recog-

nized by the RALF assembler, the loader, or the run-time system

may be entered along with the compiler options; they will be

passed to the assembler automatically unless chaining is suppressed

(by an error condition or the A option) in which case they will be

ignored.
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Table 8-2 FORTRAN IV Compiler Run-Time Options

Option Operation

A Return to the Keyboard Monitor when compilation is com-

plete. If the A option is not requested, the compiler will

automatically chain to the RALF assembler.

F Produce an annotated listing of the RALF assembly lan-

guage output file. The listing is actually produced by the

assembler; thus, the F option is only valid when chaining to

RALF. The listing is routed to the same output file as the

FORTRAN source listing. It will overwrite the FORTRAN
listing if the second output file resides on a directory device.

It will not be produced if a second output file was not spe-

cifically defined.

N Suppress compilation of ISNs. This reduces program mem-
ory requirements by two words per executable statement;

however it also prevents full error traceback at run time.

Q Optimize cross-statement subscripting during compilation.

This option should not be requested when any variable

which appears in a subscript is modified either by refer-

encing a variable equivalent to it or via a SUBROUTINE or

FUNCTION call (whether as an argument or through COM-
MON).

Examples

Compile, assemble, load, and execute a FORTRAN IV source

program:

. r F4 Compiles DSK:PROG.FT or

PROG/G DSK:PROG into DSK:FOR
TRN.RA, assembles it into

DSK:FORTRN.RL, links it

into DSKrFORTRN.LD, then

loads it into core and exe-

cutes it. No listing files are

produced.

Compile any source program by calling F4 and specifying the

file (or files) containing the source as input:

8-12



•R F4 Compiles DSK:PROG.FT or
PROG /A else DSK:PROG. into SYS:

FORTRN.RA. The back-
arrow is optional when there

are no output file specifica-

tions.

. R F4 Compiles SYS:PROG.FT in-'

*SYS:PR0G.FJCNA) to SYS:FORTRN.RA under
the N option.

Obtain a source listing with error messages by specifying a list-

ing output file as the second output file. In these examples, the first

output file is a null file.

• R F4 Identical to the first example
• > L PT : < PR OG /

A

above, except that a listing is

produced on the line printer.

•R F4 Compiles DTA2:PROG.FT
*,DTAl:PR0G<DTA2:PR0G.FT/A/N

int0 SYS:FORTRN.RA and
writes a source listing onto
file DTAl:PROG.LS under
the N option. .

Designate a specific output file to receive the compiler output by
specifying it as the first output file:

•R F4 Compiles DSK:PROG.FT or
*PROG<PROG/A else DSK:PROG. into SYS:

PROG.RA.

• R P fl Compiles LTAO:WHAT.FT
*NHEN.RA,WHERe.LS«LTA0IWHATCAQ} or dse LTA0:WHAT. into

SYS:WHEN.RA with a list-

ing routed to DSK:WHERE.
LS under the Q option.

Compiler Error Messages

During compilation pass 2, error messages are printed at the
console terminal as a 2-character error message followed by the
ISN of the erroneous statement. Typing CTRL/O at the terminal
suppresses the printing of error messages. If a listing was requested,

an extended error message is appended to the listing, immediately
following the erroneous statement, during pass 3. Except where
indicated in Table 8-3, errors located by the compiler do not halt

processing.
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Table 8-3 FORTRAN IV Compiler Error Messages

Error

Code Meaning

TTT/-\

AA More than six subroutine arguments are arrays.

AS Bad ASSIGN statement.

BD Bad dimensions (too big, or syntax) in DIMENSION,
COMMON, or type declaration.

r>c Tll^nrr.1 in m r»^K r»ATA nmoram

CL Bad COMPLEX literal.

CO Syntax error in COMMON statement.

DA Bad syntax in DATA statement.

DE This type of statement illegal as end of DO loop (i.e., GO
TO, another DO).

DF Bad DEFINE FILE statement.

DH Hollerith field error in DATA statement.

DL Data list and variable list are not same length.

DN DO-end missing or incorrectly nested. This message is

not printed during pass 3. It is followed by the statement

number of the erroneous statement, rather than the ISN.

DO Syntax error in DO or implied DO.

DP DO loop parameter not integer or real.

EX Syntax error in EXTERNAL statement.

GT Syntax error in GO TO statement.

GV Assigned or computed GO TO variable must be integer

or real.
..,* tt.11 :*.L C nu ^~».
tlKJ nuuciiuu licju uiui

IE Error reading input file. Control returns to the Keyboard

Monitor.

IF Logical IF statement cannot be used with DO, DATA,
INTEGER, etc.

LI Argument of logical IF is not type Logical.

LT Input line too long, too many continuations.

MK Misspelled keyword.

ML Multiply defined line number.

MM Mismatched parenthesis.

MO Expected operand is missing.

MT Mixed variable types (other than integer and real).

OF Error writing output file. Control returns to the Key-

board Monitor.

OP Illegal operator.

OT Type / operator use illegal (e.g., A.AND.B where A and /

or B not typed Logical).

PD Compiler stack overflow; statement too big and/ or too

many nested loops.

PH Bad program header line.
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Table 8-3 FORTRAN IV Compiler Error Messages (Cont)

Error

Code Meaning

QL Nesting error in EQUIVALENCE statement.

QS Syntax error in EQUIVALENCE statement.

RD Attempt to re-define the dimensions of a variable.

RT Attempt to re-define the type of variable.

RW Syntax error in READ/WRITE statement.

SF Bad arithmetic statement function.

SN Illegal subroutine name in CALL.
SS Error in subscript expression, i.e., wrong number, syn-

tax.

ST Compiler symbol table full, program too big. Causes an

immediate return to the Keyboard Monitor.

SY System error, i.e., PASS20.SV or PASS2.SV missing, or

no room on system for output file. Causes an immediate

return to the Keyboard Monitor.

TD Bad syntax in type declaration statement.

US Undefined statement number. This message is not printed

during pass 3. It is followed by the statement number of

the erroneous statement, rather than the ISN.

VE Version error. One of the compiler programs is absent

from SYS: or is present in the wrong version.

THE RALF ASSEMBLER
The RALF assembler accepts one RALF assembly language

program or subroutine as input and produces a relocatable binary

file, called a RALF module, as output. An optional annotated list-

ing of the input file may also be produced. RALF terminates an

assembly by returning to the Keyboard Monitor unless it was

requested to chain to the loader.

A RALF module is composed of an external symbol dictionary

(ESD table) and associated text. The ESD table lists all symbols

defined in the RALF input file, which may be sections, entry points,

or externs. Each of these symbols is assigned a relative address to

be used by the loader when it relocates the relative code by assign-

ing absolute core addresses. The text produced by RALF is a

relocatable binary version of the assembly language input file. All

text addresses are relative to the ESD table symbols.

A section can be thought of as a contiguous block of relocatable

code having a definite beginning and end, which is temporarily

8-15



assigned a relative starting address of 00000. A RALF file can
have more than one section defined in its ESD table. For example,

consider a subroutine containing a COMMON section which is

assembled by RALF. Both COMMON and the subroutine itself

are sections. An entry point is a location within a given section that

is referenced by code in other sections. An extern is a section or

entry point in some other, module that is referenced within the

module currently being assembled.

Unless the A option is specified to the FORTRAN IV compiler,

the RALF assembler is called automatically to assemble the output

of a successful compilation. In this case, RALF reads the assembly

language file just produced by the compiler as input and routes its

output, consisting of the assembled RALF module, to the first

output file that was specified to the compiler. If this file had a null

extension, the default extension ".RL" is supplied. If no first out-

put file was specified, the module is written onto default file

SYS:FORTRN.RL.
The RALF language output produced by the compiler is then

deleted, and an annotated listing of the RALF assembly language

input is written on the second output file specified to the compiler,

provided that a second output file and the F option were both

specified. This listing will overwrite the compiler source listing if

the second output file is a directory device file. Note, however, that

the RALF language listing is rarely required for most applications,

and should not be routinely requested.

The RALF assembler might also be called separately to assem-

ble the output of a compilation produced under the A option or to

assemble a user-generated file written in RALF assembly language.

This is accomplished by typing:

R RALF

(terminated by a carriage return) in response to the dot generated

by the Keyboard Monitor. RALF replies by loading the OS/8

Command Decoder, which accepts and decodes a standard com-

mand line that designates to 3 output files, 1 to 9 input files, and

any run-time option specifications. The file/option specification

command line is entered by typing:

DEV:EALF.RA,DEV:LIST.LS,DEV:MAP.LS<DEV:IF1.R A, . . . ,DEV:IF9.RA(options)
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(terminated by a carriage return) in response to the asterisk

generated by the Command Decoder, where DEV:RALF.RA,
DEV:LIST.LS and DEV:MAP.LS are the relocatable binary

RALF module, annotated listing of RALF source, and loader,

symbol map, respectively; DEV:IF1.RA, . . . ,DEV:IE9.RA are

input files 1 to 9; and "options" is a string of alphabetic characters

that designates any run-time options desired. If any input file name

is entered with a null extension, the assembler will search for the

indicated file name with an assumed extension of ".RA" and, if

this is unsuccessful, it will then search for the indicated file with a

null extension. If the first output file is entered with a null exten-

sion, the assembler appends the default extension ".RL". If the

second output file is a directory device file with a null extension,

the assembler appends the default extension ".LS".

When there is more than one input file, all of the input files are

assumed to contain the assembly language source for a single..

RALF module. After accepting and decoding the file/option

specification command, RALF reads the input files in the order

they were entered, and assembles every- RALF language state-

ment. RALF terminates the assembly by writing a relocatable

binary version of the input program or subroutine onto the first

output file, or onto file SYS:FORTRN.RL if no output files were

specified. It also copies an annotated source listing and symbol

table onto the second output file; however, this listing is not pro-

duced unless a second output file was specifically defined. The

third output file is not used by the assembler; it receives a loader

symbol map only when chaining to the loader.

When an error is encountered during assembly, the assembler

prints a 2-character error code, followed by the label associated

with the erroneous statement, on the console terminal during pass

2. Error codes are also appended to the listing, on a line by them-

selves immediately preceding the statement to which they apply

(except EG, which follows the line in error). Certain errors cause

an immediate return to the Keyboard Monitor, however, in which

case the listing is never produced. Table 5-2 lists the RALF assem-

bler error messages and describes the error condition indicated by

each message. '

.

'*

The assembler accepts the three run-time option specifications

listed in Table 8-4, any combination of which may be requested by

entering the appropriate alphabetic character(s) in the Command
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Decoder file/option specification line. Any options recognized by
the loader or the run-time system may be entered along with the

assembler options; they will be passed to the loader automatically

unless chaining is suppressed (by an error condition or omission of

the L option specification), in which case they will be ignored.

Table 8-4 RALF Assembler Ran-Time Options

Option Operation

G Chain to the loader when assembly is complete and chain
to the run-time system following creation of a loader
image file.

L Chain to the loader when assembly is complete. If the L
option is not specified, RALF will return to the Keyboard
Monitor upon completion.

T Suppress the RALF assembly language listing and pro-

duce only a symbol table. The T option is ignored by the

assembler when a second output file was not specifically

defined. When chaining from the compiler, it is ignored
unless the F option and a listing output file were both
specified.

me symooi laoie prouucea oy KALr ana appended to the

RALF language listing includes the assembler version number,

system date, and the listing page number, followed by the number
of errors encountered during assembly, the number of symbols

defined in the program, and the number of absolute references

encountered in FPP instructions. All symbols referenced during

the assembly are then listed in alphabetical order, from left to right

across the page. An alphabetic code follows certain classes of

symbols and identifies them by type. The alphabetic codes are:

C = symbol names a COMMON section

F = symbol names a FIELD 1 section

S = symbol is the name of a section

U = symbol is undefined

X = symbol is external to this assembly

Z = symbol names a COMMZ section

8 = symbol names an 8-mode section
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If no alphabetic code is shown, the symbol is an ordinary address

symbol. A numeric code is also printed after each symbol in the

list. The numeric code indicates the relative octal value of the

symbol except for the case of

:

C, F, S,, where the numeric code indicates the length

Z, or 8 codes of the section or common* block.

U or X codes where 00000 indicates undefined or external

symbols.

Examples

When chaining from the compiler to the assembler, RALF
deletes the compiler output after reading it as input:

Produces RALF module
SYS:FORTRN.RL and de-

letes compiler output file

SYS:FORTRAN.RA.

Produces RALF module
SYS:PROG.V3 and lists both

the FORTRAN source and

the RALF language compiler

output on the line printer.

Produces RALF module
DTA2:OBJ.RL and writes a

symbol map onto file DTAl:
LIST.LS. The FORTRAN
source listing is overwritten

and destroyed.

When calling the assembler to assemble and relocate the output

of a successful compilation produced under the A option or a user-

written RALF language source, the procedure is closely analogous

to that for running the compiler:

. r ralf Assembles DSK:PROG.RA
PROG or else DSK:PROG. into

SYS:FORTRN.RL.

. R F4
PROG

.R F4
PROG. V3j• LPT: <PR0G/F

.R F4

*

*DTA2: OBJ, DTAl!:LIST<DTA2: PROG(TF)

. R RALF
*,SYS:LIST<DTAl: FILE.RA

.R RALF
DTAl: TEMP. TM#LPT:< RALF. RA

Assembles DTALFILE.RA
into SYS:FORTRN.RL and

writes a listing on SYS:LIST.

LS.

Assembles DSK:RALF.RA
into DTALTEMP.TM and

writes a listing on the line

printer.

8-19



RALF Assembler Error Messages

During assembly pass 2, error messages are printed at the

console terminal as a 2-character error code followed by the label

associated with the erroneous statement. If a listing was requested,

error codes are printed during pass 3 on a line by themselves

immediately preceding the statement to which they apply (except

for EG, which follows the line in error). RALF error messages are

jliolCu JLXi- XUU1W *J~J* +

THE LOADER
The OS/8 FORTRAN IV loader accepts up to 128 RALF

modules as input and links the modules, along with any necessary

library components, to form a loader image file that may be loaded

and executed by the run-time system. This is accomplished by

replacing the relative starting location (00000) of each section with

an absolute core address. Absolute addresses are also assigned to

all entry points defined in the input modules. Once all RALF
modules and library components have been assigned to some

portion of memory and linked, absolute addresses are assigned to

the relocatable binary text and the externs.

The overlay feature of the loader facilitates running programs

which are too large to be contained in available memory, making it

possible to run programs that require up to 300K words of storage

in less than 32K of actual core memorv. This is accomplished bv

dividing very large FORTRAN programs into a set of subroutines

linked by one mainline. Unlike the subroutines, each of which has

a section name by which it is called, the mainline does not have a

name and is therefore assigned section name #MAIN by the sys-

tem. An overlay scheme is then designed in such a way that the

memory requirement of those subroutines that are core-resident at

any given time does not exceed the available core memory.

An overlay is a set of subroutines stored on a bulk storage

device. When any subroutine in an overlay is called by the main-

line or another subroutine, the entire overlay is read into core,

where it generally replaces another overlay of equivalent size.

Levels are variable-size portions of memory reserved for specific

sets of overlays. OS/8 FORTRAN IV permits up to 8 levels,

designated level 0, level 1, and so on up to level 7. Level is

always present and always contains only one overlay, called over-

lay MAIN, which always includes section #MAIN (the
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FORTRAN or RALF mainline) as well as all COMMON sections,

8-mode sections and library components. Additional subroutines

may also reside in overlay MAIN; in fact, the entire program

should be loaded into level if there is sufficient core available.

Levels 1 to 7 may each contain up to 16 overlays, only one of

which is core-resident at any given time during program execution.

If no subroutines are loaded into a given level, that level does not

exist for the current execution and no memory is allocated to it.

As execution begins, overlay MAIN is loaded into level (where it

remains throughout execution) and started at the entry point of

section #MAIN. Other overlays are read into the block of memory

reserved for their particular level whenever one of their constituent

subroutines is called. As an overlay is read into a given level, it

overwrites any other overlay which may have been resident in that

level. Thus, no two overlays from the same level are ever core-

resident simultaneously.

When section #MAIN or any subroutine calls another sub-

routine, the flow of execution from calling routine to called routine

is referred to as part of a calling sequence. Every calling sequence

begins with a call from section #MAIN and ends with a call to

some subroutine that does not contain any further CALL state-

ments. Calling sequences generally contain branches, and they may

be very intricate. For example, assume that:

Routine/Subroutine Contains Calls To

mainline (#MAIN) SUB1 , SUB2, SUB3
SUB1 ALPHA, BETA
SUB2 SUB3
SUB3
ALPHA
BETA SUB2

Then the calling sequences could be mapped as:

#MAIN

SUB 3
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When any subroutine CALL is executed, the system determines

whether the overlay containing the called routine is core-resident

and, if not, reads this overlay into its proper level in core, over-

writing any overlay which was previously resident in that level. No
such determination is possible for RETURN statements, however.

For this reason, it is extremely important to ensure that, at the end

of a calling sequence, all subroutines in the calling sequence are

still core-resident. In other words, no subroutine may execute a

CALL that will cause it, or any subroutine which called it, to be

overlaid. In the previous example, if SUB1, SUB2 and SUB3 oc-

cupy separate overlays in level 1 while ALPHA and BETA reside

in level 2, the calling sequence from #MAIN to SUB1 to BETA
to SUB2 will cause a fatal error because SUB2 will overwrite SUB1
and prevent control from returning to level 0. The FORTRAN
system guards against some errors of this type by enforcing the

following rules:

a. Subroutines in a given level cannot call other subroutines in

the same level if the called subroutine is in a different overlay.

b. Subroutines in high numbered levels cannot call subroutines

in lower numbered levels unless the call is to level 0. (This

convention is not enforced when the U option is specified to

the run-time system.)

Thpcp rf*ctfir»tirvno yimII n/-\f nrair^nf -fo+ol orrr»rc if* oil mcoc Tr* tV*oJ.1AWJV iVJkilVUUliO Tf J.XJL JUUb L*X V T Vllt 1UIU1 WliUlO 1AJL CIAA VUOVJ. JLii blAW

previous example, if subroutine BETA is placed in level instead

of level 1, the calling sequence from #MAIN to SUB1 to BETA
to SUB2 still causes a fatal error, even though neither of the en-

forced conventions is violated. Thus, any overlay scheme must be

designed with careful attention to calling sequences.

If the L or G option is specified to F4 or RALF, the loader is

called automatically to relocate the output of a successful assembly.

When chained to via F4, the loader reacts in one of two ways. If

the last Command Decoder file/option line was terminated with a

carriage return, it immediately fetches the Command Decoder and

proceeds as though it had been called from the monitor, as de-

scribed below. The only difference, in this case, is that certain

loader or run-time system options may have been passed to the

loader from RALF, and cannot be suppressed at this point. Also,

unless two different files are specified as output files, the loader

automatically routes its loader image to the first output file specified
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to F4 or RALF at the start of the chain, with default extension

".LD" assigned if this file had a null extension, or to file SYS:

FORTRAN.LD if no output files were specified. The relocatable

binary output produced by the assembler is deleted after it has been

read as input. A loader symbol map is routed to the third output

file specified at the start of the chain sequence, if any, or to the

second output file, if any, specified to the loader as described below.

When this is a directory device file with a null extension, the default

extension ".LS" is supplied.

If the last file/option specification supplied to the Command

Decoder was terminated with an ALTMODE character instead of

a carriage return, the loader reacts differently when chained to from

RALF. In this case, the loader assumes that the RALF module just

produced is a stand-alone mainline that requires no subroutines

(other than library components) in order to execute. The loader

does not call the Command Decoder under these circumstances,

since level is the only level that will be defined. Output is pro-

duced exactly as described above, and the loader either returns to

the Keyboard Monitor upon completion or, if a G option specifica-

tion was previously entered, chains to the run-time system.

The loader may be called separately, to link and relocate a set

of previously assembled RALF modules. This is accomplished by

typing:

R LOAD

(terminated by a carriage return) in response to the dot generated

by the Keyboard Monitor. The loader replies by calling the OS/8

Command Decoder, which accepts and decodes one or more stan-

dard command lines, each of which designates to 9 input files,

to 2 output files, and any run-time option specifications desired.

Each file/option specification line is entered by typing:

DEV:IMAGE.LD,DEV:MAP.LS<DEV:PROGA.RL,...,DEV:PROGX.RL(options)

(terminated by a carriage return) in response to the asterisk gen-

erated by the Command Decoder. IMAGE.LD is the loader image

output file and MAP.LS is the loader symbol map output file. The

input files may be either relocatable binary RALF modules or a

library file, and "options" is a string of alphabetic characters that

designates any run-time options desired.
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The loader accepts up to 128 input file specifications, one of
which may designate a library file to be used in place of the stan-

dard system library. The OS/8 Command Decoder, however, ac-

cepts a maximum of only 9 input file specifications per command
line. Thus, after each file/option command line is entered, the

loader recalls the Command Decoder to accept another command
line, and continues this process until the /G option is received or a
line is terminated with an ALTMODE. Input file specifications

should be entered in sequence, beginning with all RALF files to be
loaded into level 0, followed by files for level 1 overlay 1, level 1

overlay 2, and so on until all level 1 overlays are filled. Level 2
overlays are then built in the same manner, using as many file/

option specification lines as necessary, and the process continues

until all levels are filled. Each line may contain from to 9 input

file specifications; null lines will be ignored by the loader.

At some point during this process, two output files and one
library (input) file may also be specified. The loader image file built

by the loader is routed to the first output file, which must reside on
a directory device, or to file SYS:FORTRN.LD if no output files are

specified. When the first output file has a null extension, the default

extension ".LD" is supplied. The loader symbol map is routed to

the second output file, provided that a second file is specifically

defined. If this is a directory device file with a null extension, the
default extension " T <J" is eimnlierf Cirif* Mhronr fil*» m<mu c^~;fia^

as an input file, to be used in place of the standard system library.

This must be a specially formatted file, prepared with LIBRA as

described in the section concerning the FORTRAN IV Library,

and it must be specified on a command line that contains no other

input file names. This command line may appear anywhere in the

file/option specification sequence. It is identified by the presence of

an L option specification.

If more than one first output file, second output file, or library

file is specified to the loader, only the last specification in each
category is used. Previous specifications, including those supplied

to F4 or RALF when chaining to the loader, are ignored.

Run-time option specifications are used to group the sequence of

input files into discrete overlays, allocate overlays to certain levels,

and identify the user-generated library file, if any. Table 8-5 lists

the ran-time options recognized by the loader and describes their
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use. The E and H options, recognized by the run-time system, may

be entered on the same line as the G option when chaining to the

run-time system.

Table 8-5 Loader Ron-Time Options

Option Operation

C Continue the current line of input on the next line of in*

put. When specifying RALF files to the loader, there

may be more than 9 files that belong in a given overlay.

Since the Command Decoder will not allow more than

nine input files in one file option specification line, the C
option permits the additional files to be put on the fol-

lowing line. If the C option is not specified at the end of a

line, the current overlay is closed when the terminating

carriage return is received and subsequent input files are

placed in a new overlay in the current level. An excep-

tion to this is level 0, which only contains one overlay.

The presence of a C option specification is assumed on

every line until level has been closed by an O specifi-

cation.

G Treat the current line as the last line of input, and chain

to the FORTRAN IV run-time system when finished.

L Accept the single input file specified on this line as an al-

ternate library to be used in place of the system library,

FORLIB.RL.

O Close the level that is currently open, and open the next

sequential level for input. RALF files specified on sub-

sequent lines are assigned to overlays in the new level

until the new level is closed by the next O specification (or

the end of input).

S Include system symbols in the loader symbol map. Sys-

tem symbols are identified by an initial "#" character.

This option is only valid when a symbol map output file

was specifically defined.

U Ignore the rules governing subroutine calls between

overlays. This option should only be used when sub-

routines making illegal calls will not be accessed during

execution since, in general, any illegal subroutine call

will cause unpredictable behavior at run time.
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Input may be terminated by entering a G option specification on
the last line and/or by terminating the last line with an ALTMODE
character rather than a carriage return. If the G specification and
the ALTMODE both appear, this indicates that the user has no
file/option specification input for the run-time system and prevents

the run-time system from calling the Command Decoder.

The following sequence of Command Decoder specification lines

illustrates the use of option specifications to allocate RALF files to

particular overlays.

.R LOAD

SYS: PROG.LD,LPT: <PROG. RL

*<ALPHA. RL* BETA. RL

Loader is called from Key-
board Monitor.

Loader image file will be
routed to SYSrPROG.LD
while the symbol map is

printed on the line printer.

PROG.RL is placed in level

overlay MAIN. Since the

presence of a C option speci-

fication is assumed on every
line preceding the first O op-
tion specification, level

overlay MAIN remains open.

Place subroutines ALPHA
and BETA in level overlay
MA TKT TKa «i-ace>n»oi ~t r. O
option specification is as-

sumed.

*/0

*<SUB1. RL, SUB2. RL* SUB3. RL

*<SUB4. RL* SUB5. RL* SUB6. RL /C

*<DTAl: SUB7.RL/0

Close level and open level

1 overlay I.

Place SUB1, SUB2 and SUB3
in level 1 overlay 1. Close
overlay 1 and open overlay 2.

Place SUB4, SUB5 and
SUB6 in level 1 overlay 2.

Accept further input for this

overlay on the next line.

Place SUB7 in level 1 over-
lay 2. Close level 1 and open
level 2 overlay 1.
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*<DTAl: SUB8.RL

*<SUB9.RL

*<LIB.RL(LS>

*<SUB10.RL/O

*<SUB11.RL>DTA1:SUB12.RL/G

Place SUB8 in level 2 over-

lay 1 . Close overlay 1 and
open overlay 2.

Place SUB9 in level 2 over-

lay 2. Close overlay 2 and

open overlay 3.

Use file DSK:LIB.RL in

place of SYS:FORLIB.RL as

the library file. In spite of its

position in the specification

list, any library components

will be placed in level 0. The
S option specification re-

quests an augmented loader

symbol map.

Place SUB 10 in level 2 over-

lay 3. Close level 2 and open

level 3 overlay 1.

Place SUB 11 and SUB 12 in

level 3 overlay 1. Close level

3, terminate input, and chain

to the run-time system when
finished.

This sequence of commands will provide the following overlay

scheme:

Level Overlay Contents

MAIN PROG, ALPHA, BETA library subroutines

1 1 SUB1,SUB2,SUB3
1 2 SUB4, SUB5; SUB6, SUB7
2 1 SUB8
2 2 SUB9
2 3 SUB10
3 1 SUB1LSUB12

Note that all of the input files except those containing SUB7,

SUB8, and SUB 12 are taken from device DSK:, the OS/8 default

device. The left angle bracket (or backarrow) character is optional

when a file/option specification line contains only input file specifi-

cations, but it has been included here for clarity. Obviously, there

are many other ways in which the sequence of file/option specifi-
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cations shown above could have been entered to produce an iden-

tical result.

Considerable foresight is required when designing an overlay

scheme. Since an overlay may have to be read into core whenever

one of its constituent subroutines is called, a great deal of useless

I/O results from inefficient overlay design. The system does verify

that an overlay is not already resident before reading it into core.

Levels must be an integral number of system blocks (400 octal

words) in size and big enough to accommodate the largest overlay

they contain.

Ideally, then, the largest overlay in a level should occupy slightly

less than some multiple of 400 (octal) words of storage, and all

overlays in a level should be nearly equal in size. For example, if

level 1 contains three overlays requiring 300, 100, and 150 octal

words of storage, respectively, then the two smaller overlays should

be combined because level 1 will be 400 octal words long in any

case. If the three overlays require 500, 100, and 150 octal words

of storage, all three should be combined because level 1 will be

1000 octal words long in any case.

Frequently called subroutines should be kept core-resident when-

ever possible, perhaps by placing them in level or in a level that

contains rarely accessed overlays. Within the loader image file, sub-

routines are stored in the order in which they were specified to the

loader. Thus, grouping frequently called subroutines into adjacent

levels also speeds execution by reducing the access time required to

read an overlay into core, particularly from DECtape or LINCtape."

When running very large programs with many overlay levels, it may
be desirable to make level as small as possible, in spite of the

resulting excess I/O. This is accomplished by minimizing COM-
MON (which always occupies level 0), dividing the mainline into a

series of subroutines, and creating a new mainline that contains

predominately CALL statements. Note, however, that all library

subroutines will reside in level 0, regardless of the location of sub-

routines that call them.

Any error recognized by the loader during generation of a loader

image file results in ah error message, printed on the console ter-

minal, immediately following the input specification line that caused

the error condition. Table 8-6 lists the loader error messages and

describes the error condition indicated by each message.
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The optional loader symbol map lists all symbols defined in the

loader image file and identifies each symbol by overlay, level, and

memory address:

LOADER V21 04 /30 /73

SYMBOL VALUE LVL OVLY

A 10400 1 00
ARGERR 00204 00
B 10400 1 01

C 11214 1 01

EXIT 00223 00
#i"lAIN 10000 00
12000 = 1ST FREE LOCATION

LVL OVLY LENGTH

00 10143
1 00 01270
1 01 01240

Following the alphabetical list of symbols, the loader prints the

address of the first free memory location and the length, in octal

words, of each overlay defined. This information is useful in opti-

mizing memory requirements.

Loader Error Messages

The loader prints error messages on the console terminal during

generation of a loader image file. Except where indicated in Table

8-6, loader errors are fatal. The loader returns control to the Key-

board Monitor when a fatal error condition is encountered.

Table 8-6 Loader Error Messages

Error Message Meaning

BAD INPUT FILE An input file was not a RALF module.

BAD OUTPUT DEVICE The loader image file device was not a

directory device, or the symbol map
file device was a read-only device.

The entire line is ignored.

ILLEGAL ORIGIN A RALF routine tried to store data

outside the bounds of its overlay.
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Table 8-6 Loader Error Messages (Cont.)

Error Message Meaning

MIXED INPUT

MULT SECT

The L option was specified on a line

that contained some file other than a

library file. The library file (if any) is

accepted. Any other input file speci-

fication is. ignored.

Any cnmViinatinn nf pn+rxr »>.~vl»>f
''J wwiM^iuMHwil \SA. VUU J L^Oliil.

COMMON section (with the excep-
tion of multiple COMMONs) or pro-
gram section of the same name
causes this error, except as shown in

the following table.

ENTRY
POINT SECT SECT8 COMMON COMMZ FIELD 1

SECT
SECT8
COMMON
COMMZ
FIELD 1

MS
MS
MS
MS
MS

MS
MS
MS
MS
MS

NO MAIN

OVER IMAG

OVER SYMB

TOO MANY LEVELS

TOO MANY OVERLAYS

TOO MANY RALF FILES

MS
MS
MS
MS
MS

OK
OK
OK
MS
OK

OK
OK
MS
OK
MS

OK
OK
OK
MS
OK

No RALF module contained section

#MAIN.

The loader image requires more than
32K of core memory.

Output file overflow in the loader im-
age file.

Symbol table overflow. More than 253
(decimal) symbols in one FORTRAN
job.

The option was specified more than
7 times.

More than 16 overlays were defined in

the current level.

More than 128 input files were speci-

fied.
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The following FATAL error messages occur when the Loader is

linking and relocating:

SYSTEM ERROR

LOADER I/O ERROR

OS/8 ENTER ERROR

and indicate an error detected by OS/8 while trying to perform a

USR function.

All errors identified during the loading procedure are followed

by a line of the form:

1 oo nnn

where "1" is the level in which the error occurred, *'oo" is the

overlay in which the error .occurred, and "nnn" is the module num-
ber, within the referenced overlay, that caused the error. Some
errors (e.g., NO MAIN) are attributable to a single module, and the

module numbers for this type of error are meaningless.

FORTRAN IV RUN-TIME SYSTEM (FRTS)
The OS/8 FORTRAN IV run-time system reads, loads, and

executes a loader image file produced by the loader. It also

configures a software I/O interface between the FORTRAN IV
program and the OS/8 operating system, then monitors program
execution to direct I/O processes an& identify certain types of run-

time errors. The run-time system is called automatically to load

and execute the loader image file produced by the loader whenever
the G option is specified to the loader.

When chained to from F4, RALF, or LOAD, the run-time system
reacts in one of two ways. If the last Command Decoder file/

option line was terminated with a carriage return, it immediately
fetches the Command Decoder and proceeds as though it had been
called from the Keyboard Monitor, as described below. The only

difference, in this case, is that certain run-time system options may
have been passed to the run-time system from the loader, and can-

not be suppressed at this point. If the last file/option specification

line supplied to the Command Decoder was terminated with an
ALTMODE character instead of a carriage return, however, the

loader assumes that no user input is required. The Command
Decoder is not called. The loader image file just produced is read
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as input, and, unless the H option was previously specified, it is

loaded and executed.

The FORTRAN IV Run-Time System is able to accept file I/O

specifications. This allows the user to write a source program which

refers to I/O devices as integer constants or variables. This pro-

gram may be compiled, assembled, and loaded into an image file.

This image file may be run any number of times, each time specify-

ing different physical I/O devices. Thus logical unit 8 may refer in

one run to the console terminal, in another run to a disk file, and in

another run to a paper tape punch.

These run-time specifications allow the FORTRAN program to

use the OS/8 file handling capabilities, to use any OS/8 supported

I/O device, and potentially to use any I/O device for which an

OS/8 device handler can be written.

The following pages explain how the user gives the run-time

system the connections between OS/8 device and file names and

the FORTRAN logical unit numbers.

FORTRAN IV programs are usually saved as loader image files

and executed by calling the run-time system from the Keyboard

Monitor to load and execute the saved loader image. This is ac-

complished by typing:

R FRTS

(terminated by a carriage return) in response to the dot generated

by the Keyboard Monitor. The run-time system replies by calling

the OS/ 8 Command Decoder to accept one or more standard file/

option specification lines. It recalls the Command Decoder after

processing each line, until a line terminated by an ALTMODE
character is received.

The run-time system accepts two classes of Command Decoder

file/option specifications. The first class specifies the load module

to be executed; the second class specifies the run-time file assign-

ment. When it is called from the Keyboard Monitor, the run-time

system loads the Command Decoder to accept one input file name,

perhaps followed by the E or H option specifications, described in

Table 8-7. This information is not required when the loader chains

to the run-time system because the loader image file just produced

is automatically read as input, while the E and/or H options could
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have been specified to the loader along with the G specification that

requested chaining.

Thus, the loader image input file to be executed must be iden-

tified on the first file/option specification line when FRTS is called

from the Monitor, and must not be specified at all when the loader

chains to FRTS. This Command Decoder line has the form:

*DEV:IMAGE.LD(options)

where IMAGE.LD is the loader image input file and "options" is E
or H or both. If this line is terminated by an ALTMODE, the pro-

gram is executed; if it is terminated with a carriage return, the

Command Decoder is recalled to accept run-time file specifications.

Once the loader image file to be executed has been identified, the

run-time system recalls the Command Decoder to accept any

FORTRAN I/O device specifications. Of the nine I/O unit num-

bers available under FORTRAN IV, four are initially assigned to

FORTRAN internal device handlers by the system as follows:

I/O Unit Internal Handler Comments

1 paper tape reader Single character buffer.

2 paper tape punch Single character buffer.

3 line printer LP8 and LS8E only. Ring buffered.

4 console terminal Double buffered output, single

character input.

The FORTRAN internal handlers listed above are not the same

as the OS/8 device handlers. The FORTRAN internal handlers are

designed for ASCII text only and will not execute binary or core

image I/O. Also, FORTRAN internal handlers are interrupt driven

to execute foreground I/O concurrently with background computa-

tion. -

FORTRAN internal device handlers may be assigned different

unit numbers, in addition to those listed above, by typing:

/n=m

(in response to the asterisk generated by the Command Decoder)

where m is the I/O unit number (1 to 4) of one of the internal

handlers listed above and n is a different unit number (1 to 9) which

is also to be assigned to that internal handler. This specification

8-33



causes all program references to logical unit n to perform I/O to

device m in the preceding table. For example:

/6=2 Assigns the FORTRAN internal paper tape punch

handler as I/O unit number 6, in addition to unit num-

ber 2.

/1=2 Assigns I/O unit number 1 to the FORTRAN internal

paper tape punch handler instead of the internal paper

tape reader handler.

OS/8 device handlers for non-directory devices may be assigned

I/O unit numbers by typing:

DEV:/n

(in response to the asterisk generated by the Command Decoder)

where n is an I/O unit number (1 to 9) and DEV: is the standard or

assigned designation for any supported non-directory device. For

example:

LPT:/3 Specifies the OS/8 line printer handler to be used in-

stead of the FORTRAN internal line printer handler,

possibly because the line printer is not an LP08 or

LS8E.

Existing directory device files may be assigned I/O unit numbers

by typing:

DEV:FILE.EX/n

(in response to the asterisk generated by the Command Decoder)

where n is an I/O unit number (1 to 9) and DEV:FILE.EX is the

standard OS/8 designation for an existing directory device file. For

example:

DTA1 :FORIO.TM/2 Assigns unit number 2 to DECtape file

FORIO.TM rather than to the FOR-
TRAN internal paper tape punch han-

dler, where FORIO.TM is an existing

file on DECtape unit 1.

A directory device file that does not presently exist may be as-

signed a FORTRAN I/O unit number in the same manner by

entering it as an output file on the specification line; however, only
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one such file may be created on any particular device. For example:

FORTO.TM</9 Assigns unit number 9 to file DSK.FORIO.
TM, which has not been created at load time.

In any case, only one device or file specification is permitted on
each line, and no more than 6 directory device files may be created
by the FORTRAN program. Excess files after the sixth are ac-
cepted and written, but they will not be closed. If a file created by
the program has the same file name and extension as a pre-existing
file, the old file is automatically deleted when the new file is closed.

The Command Decoder "[nR specification may be used to opti-
mize storage allocation when assigning files that do not yet exist,
where n is a decimal number that indicates the maximum expected
length of the file, in blocks.

Each time a run-time I/O specification is terminated with a
carriage return, the Command Decoder is recalled to accept another
specification. When a specification is terminated with an ALT-
MODE, the program is run.

Although existing files are specified as though they were input
files and nonexistent files are specified as though they were output
files, any file that has been assigned a unit number may be used for
either input or output. The content of a nonexistent file is undefined
until it has been written by the program.

Table 8-7 Run-Time System Option Specifications

°Ption Operation

H Halt after loading but before starting the program.
Press the CONTinue switch on the processor to com-
mence execution.

E Ignore the following run-time system errors, any of
which indicates that an error was detected earlier in
the compilation/ assembly/ loading process:

a. Illegal subroutine call.

b. Reference to an extern in an overlay other than
in the form "JSR EXTERN" (i.e., CALL state-
ment).

c. Reference to an undefined symbol.
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Table 8-7 Run-Time System Option Specifications (Cent.)

Option °Peration

Any of the above may lead to unpredictable program

behavior as, in general, some portion of the program

will not be loaded or executed.

Carriage control switch. The first character on every

output line is processed as a carriage control character

(see FORTRAN IV LANGUAGE SUMMARY by^all

FORTRAN internal handlers and also by the OS/

8

hard copy handlers TTY and LPT. The first character

on every output line is processed as data, in the same

manner as any other character, by all OS/ 8 handlers

except TTY and LPT. Entering a C option specifica-

tion on the command line that assigns an I/O unit

number to a particular handler reverses the processing

of carriage control characters for that device. Thus:

TEMP(2C)
assigns file DSK.TEMP. as I/O unit 2. The C option

causes the first character of every output line to be

processed as a carriage control character. If C were

not specified, these characters would be processed as

data.

/C/6= 3
• U ,11

assigns the FORTRAN internal line printer handler

as I/O unit 6, as well as unit 3. The first character of

every line will be processed as a carriage control char-

acter on unit 3, and as a character of data on unit 6.

The OS/8 FORTRAN IV run-time system executes with the

PDP-8/E interrupt system enabled. OS/8 device handlers are not

interrupt driven; however, certain handlers may execute with the

interrupt system enabled because the devices they control have in-

terrupt enable switches which the handlers do not set. FRTS allows

for this by running with the interrupt system enabled when driving

handlers of this type, and disabling the interrupt system when a

handler that does not run under interrupts is loaded. Handlers that

can run with the interrupt system enabled include:

TC08 DECtape system handler and nonsystem handlers DTAO

to DTA7
RF08 system handler
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RK8 system handler and nonsystem handlers RKAO to-RKA3
RK8E system handler and nonsystem handlers RKAO to RKA3

and RKBO to RKB3
Any FORTRAN internal handlers

These OS/8 handlers do not permit interrupts from these devices,

but they do permit other devices, e.g., CLOCK, to interrupt the

data transfer. Note that TD8E is absent from this list because the

TD8E data transfer cannot be interrupted.

The run-time system recognizes two classes of error conditions.

Certain errors are diagnosed while the core image file is being read

from a storage device and loaded into core memory. Other errors

may occur during execution of the FORTRAN program. Both

classes of run-time errors are identified on the console terminal.

Table 8-8 lists the FRTS error messages and describes the error

condition indicated by each message. The run-time system error

traceback feature provides automatic printout of statement numbers

corresponding to the sequence of executable statements that ter-

minated in an error condition. At least one statement number is

always printed. This number identifies the erroneous statement or,

in certain cases, the last correct statement executed prior to the

error. When -a statement was compiled under the N option, how-

ever, the system cannot generate meaningful statement numbers

during traceback.

The console terminal serves as FORTRAN I/O unit 4 for both

input and output. Terminal input is automatically echoed on the

console printer. In addition, the run-time system monitors the key-

board continually during execution of a FORTRAN program.

Typing CTRL/C at any time causes an immediate return to the

OS/8 Monitor. Typing CTRL/B branches to the system traceback

routine, and then exits to the monitor. This traceback routine

causes a printout, similar to the error traceback, including the cur-

rent subroutine, the line number in the next higher level subroutine

from which it was called, etc., to the main program. This facilitates

locating infinite loops when debugging a program. The following

additional special characters are recognized by the console terminal

handler and processed as shown:

RUBOUT Deletes last character accepted.

CTRL/U Deletes current line of input.
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CTRL/I (Tabulation.) Converted to appropriate number of

spaces.

CTRL/Z Signals end-of-file on input.

Tentative output files (that is, files created by the FORTRAN
program) are closed automatically upon successful completion of

program execution provided that either:

1. An END FILE statement referencing the file was executed.

FRTS assigns a file length equal to the actual length of the file.

2. The last operation performed on the file was a write operation.

FRTS proceeds as though an END FILE statement had been

executed.

3. A DEFINE FILE statement referencing the file was executed

but an END FILE statement was not executed. Upon comple-

tion of program execution, FRTS assigns a file length equal to

the length specified in the DEFINE FILE statement.

Execution of a REWIND statement does not close a tentative

file, nor does it modify the tentative file length.

Run-Time System Error Messages

The run-time system generates two classes of error messages.

Messages listed in Table 8-8 identify errors that may occur during

execution of a FORTRAN program and errors that may be en-

countered when the run-time system is reading a loader image file

into memory in preparation for execution, or accepting I/O unit

specifications. Except where indicated, all run-time system errors

cause full traceback and an immediate return to the monitor. Non-

fatal errors cause partial traceback, sufficient to locate the error,

and execution continues.

Table 8-8 Run-Time System Error Messages

Error Message Meaning

BAD ARG Illegal argument to library function.

CAN'T READ IT! I/O error on reading loader image file.

CAUTION—NO DP The present hardware configuration

does not include an FPP-12 Floating-

Point Processor with double precision

option. Execution continues; however,
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Table 8-8 Ron-Time System Error Messages (Cont)

Error Message Meaning

D.F. TOO BIG

DIVIDE BY

EOF ERROR
FILE ERROR

FILE OVERFLOW

FORMAT ERROR
FPP ERROR
INPUT ERROR
I/O ERROR

MORE CORE REQUIRED

all double precision operations default

to real arithmetic (with unpredictable

results) and all complex operations

also produce unpredictable results.

Product of number of records times

number of blocks per record exceeds

number of blocks in file. Note that for

a random access file the length in

OS/ 8 blocks must be no less than the

number of records times the integer

but must be greater than the quotient

of floating point variables per record

divided by 85. ^

Attempt to divide by zero. The re-

sulting quotient is set to zero and
execution continues.

End of file encountered on input.

Any of:

a. A file specified as an existing file

was not found.

b. A file specified as a nonexistent file

would not fit on the designated de-

vice.

c. More than 1 nonexistent file was
specified on a single device.

d. File specification contained "*" as

name or extension.

Attempt to write outside file bound-

aries.

Illegal syntax in FORMAT statement.

Hardware error on FPP start-up.

Illegal character received as input.

Error reading or writing a file, tried to

read from an output device, or- tried to

write on an input device.

The space required for the program,

the I/O device handlers, I/O buffers

and the resident Monitor exceeds the

available core.
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Table 8-8 Run-Time System Error Messages (Cont.)

Error Message Meaning

NO DEFINE FILE

NO NUMERIC SWITCH

NOT A LOADER IMAGE

OVERFLOW

OVERLAY ERROR

PARENS TOO DEEP

SYSTEM DEVICE ERROR

TOO MANY HANDLERS

USER ERROR

UNIT ERROR

Direct access I/O attempted without a

DEFINE FILE statement.

The referenced FORTRAN I/O unit

was not specified to the run-time sys-

tem.

The first input file specified to the run-

time system was not a loader image
file.

Result of a -computation exceeds upper
bound for that class of variable. The
result is set equal to zero and execu-

tion continues. This error is detected

only if an FPP is present.

Error while reading overlay.

Parentheses nested too deeply in FOR-
MAT statement.

I/O failure on the system device.

Too many I/O device handlers are

resident in memory, or files have been

defined on too many devices.

Illegal subroutine call, or call to unde-

fined subroutine. Execution continues

only if the E option was requested.

I/O unit not assigned, or incapable of

executing the requested operation.

FORTRAN IV LIBRARY
The OS/8 FORTRAN IV system contains a general purpose

FORTRAN library FORLIB.RL, which may be extended and

modified by the librarian LIBRA. The library gives the program-

mer the capacity to compute arithmetic and transcendental func-

tions, use the complex and double precision options of the FPP,

read console switches, and interface with standard laboratory

peripherals.
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The OS/8 FORTRAN librarian, LIBRA, is used to create and

maintain libraries of RALF modules. The loader uses one such

library, specified by the user, to resolve undefined external symbols.

Each library contains a collection of RALF modules and a catalog,

which lists the program section names and entry points defined in

the modules, along with sufficient information for the loader to find

them.

LIBRA'S tasks are to create libraries (and their catalogs) from

user-specified sets of modules (RALF output files), to add new

modules to existing libraries, to copy the contents of a library to a

new library (all with various options on selective deletion and re-

placement during the copy), and to list the catalogs of libraries.

To create a library, call LIBRA by typing:

R LIBRA

in response to the dot generated by the Keyboard Monitor. LIBRA
loads the OS/8 Command Decoder, which prints an asterisk at the

left margin. In response to the Command Decoder's asterisk, type

in the following order:

1

.

The output device and name of the library to be created (LIBRA

assigns the extension .RL unless one is specified). If no output

file is specified, the default name FORLIB.RL is used and out-

put is to the system device.

2. The desired number of index blocks (decimal, maximum 255)

enclosed in square brackets. LIBRA allocates two index blocks

if no specification is given.

3

.

The output device for the catalog listing when the library build

is complete (preceded by a comma). If no device is specified,

the listing is suppressed.

4. The input files (RALF output modules) or libraries to be in-

cluded in the library (preceded by a backarrow or left angle

bracket).

5. Options:
"

/C to continue input specification on next line.

/I if a decision is to be made on insertion of each entry point

or section name.

/Z if an existing file of the same name is to be replaced by the

new library.
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/R if a new input file is to replace a module of the same name
already in the library.

The = option if extra blocks are to be allowed for library expan-

sion.

•R LIBRA
*LI B 1 . RLC 53 , TTY : <LI B0. RL* R 1 * R2, R3, R4, RS, R 6/Z = 20

For the above command, a library named LIB1.RL is created on

the system device containing the existing library, LIBO.RL, and

the files Rl, R2,..., R6. Five blocks are allocated for the index;

the catalog is printed on the console terminal and 20 (octal) extra

blocks are reserved for future expansion. The /Z indicates that if a

file already exists with the name LIB1.RL, it is to be replaced by

the newly created library.

If there are more than nine modules to be included, type /C to

continue input specification on the next line. Note that the "="

option and the output device for the catalog listing must be specified

on the last line (that is, the one without /C). The /Z, if it is used,

must appear on the first line.

.R LIBRA
*LI Bl. RL/ZC 51<R1,R2>R3*R4> R5, R6, R7, R8*R9, R10/C
*,TTY:<R10,R11 = 20

In this case the library now contains the additional files R7, R8,

...» Rl 1. The /I and /R options can be specified at any point in the

command line. Both /I and /R apply only to modules listed on the

line in which they appear.

To expand a previously created library, call LIBRA as usual.

Specify the name of the old library file as the first output file, the

catalog listing file, if desired, next, and then the modules or libraries

to be added as input. Do not specify /Z.

.R LIBRA
*LI B 1 . RL* TTY : < R OUT, M OD

LIBRA adds the contents of ROUT and MOD to LIB1. If the old

library file name does not exist, a new library is created using de-

fault options if necessary. Since LIBRA cannot change the size of

the index or the room left for expansion at this time, it is useless

to specify index blocks and expansion blocks.

8-42



If a module entry point or section name being added to a library

duplicates a name in the library catalog, the, duplicate name is

printed on the terminal. The name in the catalog continues to refer
to the original module, unless:

/R is specified on a command line, then the new module is put in

the library and the old module of the same name is deleted (un-
less there are other names for the old module, in which case only
the duplicate name is deleted). For example:

*LIB1.RL<LIB0.RL,R1,R2, R3/R

causes any of the input modules Rl, R2, and R3 to replace ex-
isting modules in LTBO.RL with the same entry point or section

name.

/I is specified on the LIBRA command line, then input file entry

points and section names are listed on* the console terminal. If

the names duplicate names in the catalog, the message printed is:

xxxx IS DUPLICATE NAME; KEEP OLD OR NEW?
where xxxx is an entry point or section name. LIBRA waits for

the user to type OLD and a RETURN (or just a RETURN or O
and a RETURN) to keep the old name; NEW and a RETURN
(or N and a RETURN) to delete the use of the old name and
include the new. The question is repeated if any other character

is typed.

If the new names do not appear in the catalog, the message typed
is:

xxxx: INCLUDE?

where xxxx is the new entry point or section name.

Type YES and a RETURN (or just a RETURN or Y and a
RETURN) to include the name or NO and a RETURN (or N
and- a RETURN) to omit it. The question is repeated if any other

character is typed.

A catalog listing can be obtained at any time by omitting the
input file specification in the call to LIBRA. For example:

.R LIBRA
*FORLIB.RL.»LPT:<
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prints the catalog of FORLIB on the line printer. LIBRA'S version

number (Vxx) is output as part of the catalog heading.

Entry points and section names may be deleted from the catalog

by combining the I and Z options. Each catalog entry is listed on

the console terminal with the message:

name: INCLUDE?

Type Y and RETURN to include the section name or entry point;

type N and RETURN to delete it. If all catalog entries correspond-

ing to a particular module are deleted from the catalog in this

manner, the module is deleted from the library and the message:

MODULE IS DELETED

is printed on the console terminal.

FORLIB .RL, the standard library supplied with the FORTRAN
IV system, contains functions and subroutines that perform math-

ematical calculations and drive various peripheral devices. This

library may be modified with LIBRA to fit the needs of a particular

installation. Although at least one copy of the standard library

should be maintained as a backup, it may be desirable to delete

unwanted routines from FORLIB in order to reduce storage re-

quirements. For example, double precision routines may be deleted

if an installation does not include an FPP-12 with extended pre-

cision option. Care should be exercised not to delete subroutines

that may be called by the various system programs or by other

library routines that are not deleted. Table 8-9 lists the library

routines that execute calls to entry points in other routines; in gen-

eral, when an entry in the right column of Table 8-9 is deleted, the

corresponding entry in the left column may not be called.

Table 8-9 FORLIB Calling Relationships

Section Name: Executes Calls to:

SYNC DISP, ONQI
DISP ONQB
EXPIR EXP3
EXP3 ALOG, EXP
ALOG10 ALOG
COS SIN

TAN SIN, COS
SIND SIN
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Table 8-9 FORLIB Calling Relationships (Cont)

Section Name: Executes Calls to:

COSD SIN
TAND TAN
ASIN ATAN, SQRT
ACOS ATAN, SQRT
ATAN2 ATAN
SINH EXP
COSH EXP
TANH SINH, COSH

For example, to delete the entry points ABS, IABS, and LSW
from the catalog, the proper command to LIBRA is:

,R LIBRA
*IIB2.RL<LIB1,RL/I/Z

Respond with Y and a carriage return to all of the messages except:

IABS: INCLUDE? N
ABS: INCLUDE? N
MODULE IS DELETED

LSW: INCLUDE? N

The module containing ABS and IABS is deleted from the library
because all of its section names and entry points have been deleted
from the catalog. Entry point LSW is deleted from the catalog, but
the corresponding module remains in the library because other
entry points are still present in the catalog. Table 8-10 lists the
FORLIB entry points that are contained in modules with different
section names.
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Table 8-10 FORLIB Multiple Entry Points by Section

Section Name Other Entry Points

IABS ABS
SIGN ISIGN

AMINO AMIN1, MINO, MINI

AMAXO AMAX1, MAXO, MAX1
DIM IDIM
PLOT SCALE, CLRPLT, #DISP

REALTM SAMPLE, ADB
CHARS CGET, CPUT, CHAR
IFIX AINT, INT
AMOD MOD
RSW LSW, SSW, ROPEN, EXTLVL, RCLOSE

ONQI ONQB
SYNC CLOCK, TIME, #CLINT

The catalog entries #FIX, #RFDV, #LTR, #EQ, #NE, #GE,

#LE, #GT, #LT, #EXPIR, #CLINT, and #EXPII are used

by the compiler and should not be deleted.

Library Functions and Subroutines

Library functions and subroutines are called in the same manner

as user written functions and subroutines. The following section lists

. ,1. .x ,„:i„ui +^ T7r»PTT? AN nroprams
the library components mat mc avdiiauiv ^ * ^>---- ~ - r --

and illustrates calling sequences, where necessary. Arguments must

be of the correct number and type, but need not have the same

name as those shown in the illustrative examples. Routines that

require LAB8/E or PDP-12 hardware are marked with an

asterisk* Routines that will run on the FPP with extended pre-

cision option are marked with a dagger sign (t). Neither symbol

may be used in the actual FORTRAN program. Certain library

routines are used by the FORTRAN system programs and are not

available to a user's FORTRAN program. These routines may be

identified by the initial "#" character in the entry point or section

name, and are not listed in the following section.

ABS (SINGLE-PRECISION ABSOLUTE VALUE)

ABS calculates the absolute value of a real variable by leaving

the variable unchanged if it is positive (or zero) and negating the

variable if it is negative.
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ACOS (SINGLE-PRECISION ARC-COSINE FUNCTION)
ACOS calculates and returns the primary arc-cosine (in radians)

of a real argument less than. or equal to 1.0 according to the

relation:

If x > 0.0, ACOS(x)=ATAN r SQRT(l-X2
)
"]

x ,_

If x < 0.0, ACOS(x) = x+ATAN [~ SQRT(1-X2
)

"- x

If x = 0.0, ACOS(x) = tt/2.0

ADB* (RETURN NEXT SAMPLE FROM REAL-TIME SAM-
PLING BUFFER)
ADB gets and returns the next sample in the range [—512, 511]

from the real-time sampling buffer. The following program illus-

trates how ADB may be used to sample 500 points from channel 3

and plot them on the scope:

DIMENSION PLTBUFC400), DATBUFC50)
1 CALL CLRPLTC400,PLTBUF)

CALL REALTM < DATBUF, 50* 3* 1* 500)
CALL CLOCK <8, 10)
DO 100 1 = 1,500

100 CALL PLOT(l,I/384.,ADBCX>/1024.+ .5>
READC I, 10) Q

10 F0RMATCI2)
GO TO 1

STOP
END

After finishing the plotting, the program waits for the user to

type the RETURN key,, and then repeats the sampling-display

process. Note that REALTM sets up the sampling procedure, while

CLOCK actually initiates the sampling.

ADC* (ASYNCHRONOUS SAMPLING)
The ADC function accepts an integer argument in the range [0,

15], assumed to be a channel number. It returns the current value

of the referenced channel as a real number in the range [—1, 1].

Sampling employs the fast SAM instruction for one or multiple

channels. ADC may not be used in a program that also uses

REALTM. The following program illustrates the use of the ADC
function.
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C EXAMPLE OF ADC FUNCTION
C REQUIRES PDP12 OR LAB8E HARDWARE
C SAMFLES AND TfPES ANALOG INPUT
C

10 CONTINUE
UKil£(.4« 100)

100 FOFMATC ' TYPE IN CHANNEL NUMBER
1 'AMD DUMBER OF SAMPLES')
READC4* 101) NC*NS

101 F0RMATC2I3)
DO 20 I=1,NS
X=ADC<NC)
VRITEC4, 102) X

102 F0RMATCF15.5)
20 CONTINUE

GOTO 10
CALL EXIT
END

AIMAGf (COMPLEX TO IMAGINARY CONVERSION)
AIMAG returns the imaginary part of its complex argument as a

real variable.

AINT (SINGLE-PRECISION FLOATING-POINT TO-IN-

TEGER)
AINT is a floating-point truncation function. Given a real argu-

ment, it truncates the fractional part of the argument and returns

the integral part as an integer. This is accomplished by taking the

absolute value of the argument, aligning and normalizing this result,

then restoring the original sign. AINT, IFIX, and INT perform

identical functions.

ALOG (SINGLE-PRECISION NATURAL LOGARITHM)
ALOG calculates and returns the natural (Naperian) logarithm

of a real argument greater than zero. Any negative or zero argu-

ment returns an error message and a value of 0.0. The algorithm

used is an 8-term Taylor series approximation.

ALOG10 (SINGLE-PRECISION COMMON LOGARITHM)

ALOG 10 calculates and returns the common (base 10) logarithm

of a real argument greater than zero. Any negative or zero argu-

ment returns an error message and a value of 0.0. The calculation

is accomplished by calling ALOG to compute the natural logarithm

and executing a change of base.
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AMAXO (SINGLE-PRECISION MAXIMUM VALUE)

AMAXO accepts an arbitrary number of integer arguments and

returns a real value equal to the largest of the arguments.

AMAX1 (SINGLE-PRECISION MAXIMUM VALUE)

AMAX1 accepts an arbitrary number of real arguments and

returns a real value equal to the largest of the arguments.

AMINO (SINGLE-PRECISION MINIMUM VALUE)

AMINO accepts an arbitrary number of integer arguments and

returns a real value equal to the smallest of the arguments.

AMIN1 (SINGLE-PRECISION MINIMUM VALUE)

AMIN1 accepts an arbitrary number of real arguments and re-

turns a real value equal to the smallest of the arguments.

AMOD (SINGLE-PRECISION A MODULO B)

AMOD accepts two real argumeats and returns a real value

equal to the remainder when the first argument is divided by the

second argument. If the second argument is not sufficiently large to

prevent overflow, an error message and a value of 0.0 are returned.

ASIN (SINGLE-PRECISION ARC-SINE)

ASIN calculates and returns the arc-sine (in radians) of a real

argument in the range [-1,1] according to the relation:

ASIN(X) = ATAN(X/SQRT(1-X**2))

If the argument falls outside the range [-1, 1], an error message

results.

ATAN (SINGLE-PRECISION ARC-TANGENT)
ATAN calculates and returns the primary arc-tangent (in radi-

ans) of a real argument. The argument is first reduced according to

the relations:

(1) Ifx<2^14
,

atan(x) = x

(2) Ifx>2-14
,

atan(x) = l/x

(3) If x> 1 .0, atan(x) = W 2 - atan(l / x)

(4) If x<0, atan(x) = -atan(-x)

and the arc-tangent is then computed by a power series approxima-

tion.
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ATAN2 (SINGLE-PRECISION ARC-TANGENT OF TWO AR-
GUMENTS)
ATAN2 accepts two real arguments, assumed to be an abscissa

and an ordinate respectively, and calculates the arc-tangent of the

quotient of the first argument divided by the second argument. This

is accomplished by calling ATAN to find the principal arc-tangent

of the quotient and then adjusting the result, depending upon the

quadrant in which a point, defined by the arguments falls, accord-

ing to tue relations:

argument in first quadrant atan2(y,x) = atan(y/x)

argument in second quadrant atan2(y,x) = atan(y/x)— *

argument in third quadrant atan2(y,x) = atan(y/x)—w

argument in fourth quadrant aran2(y,x) = atan(y/x)-f *•

CABSt (COMPLEX ABSOLUTE VALUE)
CABS accepts a complex argument and returns the absolute

value of the argument as a real variable defined by:

CABS(X+iY) = SQRT(X**2+Y**2)

CCOSf (COMPLEX COSINE)
CCOS accepts a complex argument and returns the cosine of the

argument, a complex number defined by:

CCOS(X+iY) = COS(X)*COSH(Y)~ i*SIN(X)*SINH(Y)

UbAFT (tUMfLbA JiAfUINtUN UAL)
CEXP accepts a complex argument and returns the exponential

function of the argument, a complex variable defined by:

CEXP(X I iY) = EXP(X)*(COS(Y)+i*STNW)

CGET (CHARACTER GET SUBROUTINE)
The calling sequence:

CALL CGET (STRING,N,CHAR)

causes the Nth character to be unpacked from STRING and stored

in CHAR as a variable in the range 0, 63, where STRING is a

character string in A6 format.

CHKEOF (CHECK FOR END-OF-FILE SUBROUTINE)
CHKEOF accepts one real, integer or logical argument. After

the next formatted read operation, this argument will be set to

non-zero if the logical end-of-file was encountered, or to if the
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logical end-of-file was not encountered. The following is an exam-

ple of the use of CHKEOF:

i

CALL CHKEOF(EOF)
READ (N,101)DATA

IF (EOF.NE.O) GO TO 999

CLOCK* (INITIALIZE CLOCK SUBROUTINE)

The purpose of the CLOCK subroutine is to initialize certain

features of the KW12A or DK8ES real-time clock. The calling

sequence is:

CALL CLOCK (FUNCTN,RATE)

Depending upon the arguments FUNCTN and RATE, CLOCK
can enable Schmitt triggers, clock controlled A/D conversions, or

run the clock at a variable rate. The clock is always run on in-

terrupt. Both arguments may be either integer, real, or logical in

type. The first argument indicates a class of clock functions, and

the second specifies a clock rate in Hertz. A common use of the

clock routine will be in conjunction with the REALTM subroutine.

With one exception noted below, the clock routine is independent

of hardware type. That is, a program employing the KW12A clock

on a PDP-12 does not require modification to run on a PDP-8. The

FUNCTN argument controls the enabling of all Schmitt triggers,

clock controlled A/D conversions, and clock jate or external input

according to the scheme shown in Table 8-11.

Combinations of the conditions in Table 8-11 may be enabled by

setting FUNCTN to a value equal to the sum of the values of the

desired conditions. For example, to enable all Schmitt triggers, set

FUNCTN=7 (the sum of 4, 2, and 1); to enable clocked A/D
conversion at an external rate, set FUNCTN=24, etc. If a clock

condition is not specified, the clock is disabled. Every call to

CLOCK clears any functions which may have been enabled by

previous calls to CLOCK and redefines clock conditions according

to the new arguments. If the FUNCTN argument is out of range
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(e.g., negative), the clock conditions enabled are arbitrary. Once
the clock has been started, the calling program may disposition a

Schmitt trigger via the SYNC subroutine, read the time of day via

TIME, or use the clock in conjunction with some other routine

such as REALTM. Schmitt triggers 1 , 2 and 3 correspond to the

DK8ES events 1 , 2 and 4, respectively, or the KW12A clock chan-

nels 1 , 2 and 3, respectively.

Table 8-1 1 CLOCK Subroutine FUNCTN Arguments

Value of

FUNCTN Effect

none, or enable clocked A/D conversion, more than one
channel

1 enable Schmitt trigger I

2 enable Schmitt trigger 2

4 enable Schmitt trigger 3

8 enable clocked A/D conversion, one channel

16 enable the clock to run under external input

The rate at which the clock runs is specified by the argument

RATE, which has two different meanings that are dependent upon
wiw j. \_/ .i. >»_/*. A* aigiuukui,. jlj. mw vcuicjl vxvjv^a h«ji ojjcv-iij au t.Ait.i.ij.cu

rate (e.g., FUNCTN less than 16), then RATE is interpreted as a

number in Hertz and specifies the rate of clock interrupts.

When the clock is run at a programmable rate, the rate must fall

in the range [0.0244, 4096.0], or one tick every 250 microseconds

to every 40 seconds. Specifying a rate outside this range causes the

clock to be disabled (which may be desirable in some cases). The
calling program should not specify an unnecessarily high clock rate,

as this slows down program execution. Because the allowable set of

programmable clock rates is discrete, the clock may not run at

exactly the specified rate but will always be less than Or equal to

the specified rate and within one percent of it. The actual rate can

be computed from the specified rate by:

RA = RB/[KB/RR -]

RA = actual rate

RR = requested rate

[ ] — greatest integer
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RB = base rate — maximum number in the set (100000,

10000, 1000, 100) that satisfies the condition.

RB/RK^4096

If an externally driven clock is specified, RATE is interpreted

as the number of external ticks between clock interrupts,- and must

be in the range [1, 4096]. If the argument is outside this range,

the interrupt rate will be arbitrary. The RATE argument is actually

an overflow count, and the actual rate of the clock can be deter-

mined from:

RA = RE/RATE

where RE is the rate of the external input and RA is the actual

clock rate. The advantage of an externally driven clock is that it

may run at an arbitrarily high rate; however, specifying too high a

rate may hang up the FORTRAN system. The calling sequence to

define an external clock for the KW12A differs from that of a call

for the DW8ES in that the KW12A calling program must enable

Schmitt trigger 1. Optional clock execution is obtained on a

KW12A external clock when RATE=1. Note that the arguments

for a KW12A external clock are sufficient to enable a DK8ES
external clock, but not vice versa.

CLOGf (COMPLEX NATURAL LOGARITHM FUNCTION)
CLOG calculates and returns the natural logarithm of its com-

plex argument, as defined by the relation:

LOG(X+iY) = LOG(X**2+Y**2)+i*ATAN(Y/X)

CLRPT* (CLEAR PLOT SUBROUTINE)
The calling sequence:

CALL CLRPLT (N,BUFFER)

clears the current plot, if any, and assigns an N element buffer

(designated BUFFER) which will hold 3N/2 points for display.

The display is actually created by the PLOT subroutine. The vari-

able BUFFER must be an array with at least N elements.

CMPLXf (REAL-TO-COMPLEX CONVERSION FUNCTION)
CMPLX accepts two real arguments and returns a complex

value with real part equal to the first argument and imaginary part

equal to the second argument.

8-53



CONJGf (COMPLEX CONJUGATE FUNCTION)
CONJG calculates and returns the complex conjugate of its

complex argument. This is accomplished by leaving the real part of

the argument unchanged, and negating the imaginary part.

COS (STNGLE-PRECTSION COSINE FUNCTION)
COS calculates and returns the cosine of a real argument (in

radians) by applying the identity:

COS(X) = SIN(X+^/2)

COSD (SINGLE-PRECISION COSINE IN DEGREES)
COSD calculates and returns the cosine of a real argument (in

degrees). This is accomplished by adding 90 to the argument,

converting the result to radians, and extracting the sine.

COSH (SINGLE-PRECISION HYPERBOLIC COSINE FUNC-
TION)
COSH calculates and returns the hyperbolic cosine of a real

argument according to the relation:

If |xj ^88.029 /
J

\

COSH(x) = 1/2[EXP(x)
EXP(x)y

Tf !x' > 88.028 and 'xl — Iog
t
2<88.028

COSH(x) = EXP(|xj'- loge2)

jf |x| - loge2>88.028
COSH(x) = 377737777777 8

and an error message is returned.

CPUT (CHARACTER PUT SUBROUTINE)
The calling sequence:

CALL CPUT (STRING,N,CHAR)

causes CPUT to insert CHAR as the Nth character in STRING,
where STRING is a character string stored in A6 format, and

CHAR is a number in the range [0, 63] which is interpreted as a

character. The following program illustrates the use of CGET and

CPUT.
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DATA STR/'HE/ !*/

WRITEC4, 100) STR
100 FORMATC ' HE* ! IN ASCII *>A6)

WRITEC4, 101)
101 FORMATC' HEY! IN DECIMAL*)

DO 10 1= 1*4
CALL CGETC STR, I>ICHAR)
WRITEC4, 102) I CHAR

10 CONTINUE
102 FORMATC I 6)

DO 20 1=1, 6
J=2*I
CALL CFOTCSTR, I, J)

20 CONTINUE
¥RITEC4, 103) STR

103 FORMATC* NEW STRING SA6)
CALL EXIT
END

.R F4
TCHRC/GS
HEf ! IN ASCII HE/!
HEf ! IN DECIMAL

8
5 ,

25
33

NEW STRING BDFHJL

CSINf (COMPLEX SINE FUNCTION)
CSIN calculates and returns the .sine of a complex argument

according to the relation:

SIN(X+iY) = SIN(X)*COSH(Y)+i*COS(X)*SINH(Y)

CSQRTf (COMPLEX SQUARE ROOT FUNCTION)
CSQRT calculates and returns the square root of a complex

argument.

DABSf (DOUBLE-PRECISION ABSOLUTE VALUE FUNC-
TION)
DABS returns the absolute value of its double-precision argu-

ment by negating the argument if it is negative, or returning it

intact if it is positive.

DATANf (DOUBLE-PRECISION ARC-TANGENT FUNC-
TION)
DATAN calculates and returns the primary arc-tangent of its

double-precision argument. The argument is first reduced to the

interval [0, Vi ] with the identities:
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ATAN(-X) = -ATAN(X)

if X> 1 .0, ATAN(X) = */2-ATAN(l /X)

if 0.5<X<1.0, ATAN(X)=ATAN(l/2)+ATAN(|^p)

and the arc-tangent is then calculated as a continued fraction

approximation.

DATAN2f (DOUBLE-PRECISION ARC-TANGENT OF TWO
ARGUMENTS)
DATAN2 accepts two double-precision arguments, assumed to

be an abscissa and an ordinate respectively, and calculates the arc-

tangent of the quotient of the first argument divided by the second

argument. The result is then adjusted, depending upon the quad-

rant in which a point defined by the arguments falls, in the same

manner as for the ATAN2 function.

DATE (OS/8 DATE SUBROUTINE)
DATE accepts three integer arguments, accesses the current

OS/8 system date, and returns an integer from 1 to 12 correspond-

ing to the current month as the first argument, an integer from 1

to 3 1 corresponding to the current day as the second argument, and

an integer from 1970 to 1977 corresponding to the current year as

the third argument.

DBLEf (SINGLE- TO DOUBLE-PRECISION CONVERSION)
DBLE accepts a real argument and returns a double-precision

value equal to the argument, filled out with zeroes in the low-order

three words.

DCOSf (DOUBLE-PRECISION COSINE FUNCTION)
DCOS calculates and returns the cosine of a double-precision

argument (in radians). This is accomplished by adding PI/2 to the

argument and passing this result to the DSIN function.

DEXPf (DOUBLE-PRECISION EXPONENTIAL FUNCTION)
DEXP calculates and returns the exponential function of its

double-precision argument by applying the method of Kogbetliantz

(IBM Journal of Research and Development, April, 1957, pp
110-5).
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DIM (SINGLE-PRECISION POSITIVE REAL DIFFERENCE)
DIM calculates and returns the positive difference of two real

arguments. That is, if the first argument is larger than the second

argument, DIM returns the difference between the arguments; if

the first argument is less than or equal to the second argument,

DIM returns 0.0.

DLOGf (DOUBLE-PRECISION NATURAL LOGARITHM)
DLOG calculates and returns the natural (Naperian) logarithm

of its double-precision argument. This is accomplished by reducing

the range of the argument through application of a method de-

scribed by Ralston and Wilf in their text, Numerical Methods for

Digital Computers, and then performing a Taylor series expansion.

DLOGlOf (DOUBLE-PRECISION COMMON LOGARITHM)
DLOG10 calculates and returns the common (base 10) logarithm

of its double-precision argument by extracting the natural loga-

rithm-and executing a change of base.

DMAX1 f (DOUBLE-PRECISION MAXIMUM VALUE)
DMAX1 accepts an arbitrary number of double-precision argu-

ments and returns the largest of the arguments.

DMINlf (DOUBLE-PRECISION MINIMUM VALUE)
DMIN1 accepts an arbitrary number of double-precision argu-

ments and returns the smallest of the arguments.

DMODf (DOUBLE-PRECISION A MODULO B FUNCTION)
DMOD accepts two double-precision arguments and returns a

double-precision value equal to the remainder when the first argu-

ment is divided by the second argument. If the second argument is

not sufficiently large to prevent overflow, an error message and a

value of 0.0 are returned.

DSIGNf (DOUBLE-PRECISION TRANSFER-OF-SIGN)
DSIGN accepts two double-precision arguments, calculates the

absolute value of the first argument, and returns this value if the

second argument is positive (or zero), or the negative of this value

if the second argument is negative.
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DSINf (DOUBLE-PRECISION SINE FUNCTION)
DSIN calculates and returns the sine of a double-precision

argument (in radians). The argument is first reduced to the range

[0, PI/2], and the sine is .then calculated from a Taylor series

approximation.

DSQRTf (DOUBLE-PRECISION SQUARE ROOT)
DSORT calculates and returns the (positive) square root of a

positive double-precision argument. Any negative argument results

in an error message.

EXP (SINGLE-PRECISION EXPONENTIAL FUNCTION)
EXP calculates and returns the exponential function of a real

argument. The algorithm uses a numerical method after

Kogbetliantz (IBM Journal of Research and Development, April,

1957, pp 110-5).

EXTLVL* (READ PDP-12 EXTERNAL LEVEL)
EXTLVL accepts two integer, real or logical arguments. The

first argument is assumed to be a PDP-12 external level number in

the range [0, 12]. If the referenced external level is at +3 volts

(floating), the second argument is set equal to 0. If the referenced

external level is at volts (ground), the second argument is set

equal to 1. If the first argument is outside the range [0, 12], the

value returned in the second argument is unpredictable. If

EXTLVL is called on a PDP-8, the second argument will always

be set to ze

FLOAT (INTEGER-TO-FLOATING-POINT CONVERSION)
FLOAT accepts an integer argument and returns a real variable

equal to the argument.

IABS (INTEGER ABSOLUTE VALUE FUNCTION)
IABS calculates and returns the absolute value of an integer

variable by leaving the variable unchanged if it is positive (or

zero), and negating the variable if it is negative.

IDIM (INTEGER POSITIVE DIFFERENCE FUNCTION)
IDIM calculates and returns the positive difference of two

integer arguments. That is, if the first argument is larger than the

second argument, IDIM returns the difference between the argu-

ments; if the first argument is less than or equal to the second

argument, IDIM returns a value of 0.
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IDINT (DOUBLE-PRECISION INTEGER TRUNCATION)
IDINT accepts a double-precision argument and returns the

largest integer that is less than or equal to the argument.

IFIX (SINGLE-PRECISION FLOATING-POINT-TO-INTE-
GER FUNCTION)

IFIX is a floating-point truncation function. Given a real argu-

ment, it truncates the fractional part of the argument and returns

the integral part as an integer. IFIX, AINT and INT perform the

same function.

INT (SINGLE-PRECISION FLOATING-POINT-TO-INTEGER)
INT is a floating-point truncation function that performs the

same function as AINT and IFIX.

ISIGN (INTEGER TRANSFER OF SIGN FUNCTION)
ISIGN accepts two integer arguments, calculates the absolute

value of the first argument, and returns this value if the second

argument is positive (or zero), or the negative of this value if the

second argument is negative.

LSW* (READ PDP-1 2 LEFT SWITCH REGISTER)
LSW accepts two real, integer or logical arguments. The first

argument is assumed to be a PDP-1 2 left switch register switch

number in the range [0, 11]. Upon return, the second argument is

set to the logical value of the referenced switch (either or 1). If the

first argument is outside the range [0, 11], the result that will be

returned in the second argument is unpredictable. If LSW is, called

on a PDP-8, a value of is always returned.

MAXO (SINGLE-PRECISION MAXIMUM VALUE)
MAXO accepts an arbitrary number of integer arguments and

returns an integer result equal to the largest of the arguments.

MAX1 (SINGLE-PRECISION MAXIMUM VALUE)
MAX1 accepts an arbitrary number of real arguments and

returns an integer result equal to the largest of the arguments.

MINO (SINGLE-PRECISION MINIMUM VALUE FUNCTION)
MINO accepts an arbitrary number of integer arguments and

returns an integer value equal to the smallest of the arguments.
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MINI (SINGLE-PRECISION MINIMUM VALUE FUNCTION)

MINI accepts an arbitrary number of real arguments and returns

an integer value equal to the smallest of the arguments.

MOD (INTEGER A MODULO B FUNCTION)

MOD accepts two integer arguments and returns an integer

value equal to the remainder when the first argument is divided

by the second argument. If the second argument is not sufficiently

i r _, * _-~Vo«+ ^T.arfirvur on error mp«a('p and a value of are

returned.

ONQB (PLACE TASK ON BACKGROUND JOB CHAIN)

ONQB is a subroutine which is called from PDP-8 mode RALF

code to place a PDP-8 mode task on the list of background tasks.

These background tasks are executed in round-robin order when-

ever the PDP-8 processor has nothing to do (e.g., while waiting for

terminal input). If FPP-12 hardware is present, these background

subroutines execute in parallel with the execution of the

FORTRAN program by the FPP-12. ONQB is called by a

sequence such as:

JMS% XONQB+1
ADDR BRJOB

EXTERN ONQB
XONQB, ADDR ONQB

where BRJOB is the address of the background job, a subroutine

which must obey all the conventions of ONQI. ONQB resides in

field 1 and should only be called from field 1. See the FORTRAN

IV Software Support Manual for details.

ONQI (PLACE INTERRUPT HANDLER ON SKIP CHAIN)

ONQI is a subroutine which is called from PDP-8 mode RALF

code to put the interrupt handler of a device on the interrupt skip

chain. When an interrupt is received by the PDP-8 processor, the

processor checks each device on the skip chain, then the FPP, then

the standard FORTRAN peripherals, e.g., line printer. If the

interrupt was caused by a device with a handler on the skip chain,

the PDP-8 processor branches to the handler. ONQI is called by a

sequence such as:
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JMS% XONQI+1
IOT
ADDR IHNDLR

XONQI, ADDR ONQI
EXTERN ONQI

where IOT is the actual IOT code for the device skip-on-flag in-

struction and IHNDLR is the address of the interrupt handler for

this device. ONQI always resides in field 1 and must be called by

PDP-8 mode RALF code in field 1 only. The interrupt handler is

entered with the AC cleared and the data and instruction fields set

to 1 . It should return with these registers in the same state. ONQI
should not be called more than once for any given IOT.

PLOT* (DISPLAY DATA ON PDP-12 OR LAB-8/E SCOPE)

The calling sequence:

CALL PLOT (M,X,'Y)

plots M points whose X coordinates are in the array X and whose

Y coordinates are in the array Y into the plot buffer specified by

the CLRPLT routine. A background task plots the contents of all

points entered into the plot buffer on the scope whenever the

PDP-8 processor would otherwise be idle. When X is 1, X and Y
are interpreted as scalars. The scope is scaled with (0,0) in the

lower left corner and (1.3,1.0) in the upper right corner. These

values may be altered by a call to SCALE.

PLOTR* (CHANGE SCOPE BUFFER VALUES)
The calling sequence: '

CALL PLOTR (M,X,Y,I)

alters the M entries in the plot buffer beginning at the Ith entry,

getting the new X coordinates from the array X and the new Y
coordinates from the array Y. Calling this subroutine does not

alter the number of points displayed by the background display

task.

RCLOSE* (CLOSE A PDP-12 RELAY)
RCLOSE accepts an integer, real, or logical argument assumed

to be a PDP-12 relay number in the range [0, 5] and closes the

referenced relay. If the argument falls outside the specified range,

the result is unpredictable. RCLOSE has no effect when called

on a PDP-8.
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REALt (COMPLEX-TO-REAL CONVERSION FUNCTION)
REAL accepts a complex argument and returns a real value

equal to the real part of the argument.

REALTM* (BUFFERED/CLOCKED SAMPLING)
REALTM performs buffered/clocked sampling on the PDP-12

or LAB-8/E. The calling sequence is:

CALL REALTM (BUFFER,LENGTH,CSTART,NCHANL, NPTS)

where:

BUFFER = array to be used by REALTM as a ring buffer.

LENGTH = size of BUFFER.

CSTART = first channel to sample at each clock interrupt

(0-15).

NCHANL = number of channels to sample at each time step.

If NCHANL = 1 , then argument 1 of the call to

CLOCK may specify clock-initiated A/D sam-

pling (8 images). If NCHANLM, then arg 1 of

CLOCK CALL should not specify clock-initiated

sampling. Fetching of the first sample will be

initiated in the clock interrupt routines, or 50-100

fis after the clock tick. The other samples are

taken as soon as possible, about 100-200 /as later

fi^-r ^o^li oomnip
JLW.L WUVIl kJUlXipiV,

NPTS = total number of samples to take.

Algorithm and Comments

The following program samples 500 points from channel 3 at 10

Hz. and plots them on' the scope:

DIMENSION PLTBUFC400),DATBUF<50)
1 CALL CLRPLTC400,PLTBUF)

CALL REALTM C DATBUF, 50* 3* 1* 500)
CALL CLOCK C8* 10)

DO 100 1=1*500
100 CALL PLOTC 1* 1/384.* ADBCX) / 1024.+ . 5)

C NOW PAUSE SO THAT POINTS WILL BE DISPLAYED
READC 1* 10) Q

10 F0RMATCI2)
GO TO 1

STOP
END
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ROPEN* (OPEN A PDP-12 RELAY)
ROPEN accepts one integer, real or logical argument, assumed

to be a PDP-12 relay number in the range [0, 5], and opens the

referenced relay. If the argument falls outside the specified range,

the result is unpredictable. ROPEN has no effect when called on a
PDP-8.

RSW (READ SWITCH REGISTER)
RSW accepts two real, integer or logical arguments. The first

argument is assumed to be a switch register switch number in the

range [0, 11]. The second argument is set to the logical value of

the referenced switch (right switch register on the PDP-12). If the

first argument falls outside the range [0, 1 1], the result that will be

returned in the second argument is unpredictable.

SCALE* (DEFINE SCALE OF SCOPE)
SCALE defines the scope screen scaling for calls to PLOT. The

calling sequence is:

CALL SCALE (XLO, YLO, XHL YHI)

where:

XLO is the value at the left edge of the screen.

YLO is the value at the bottom of the screen.

XHI is the value at the right edge of the screen.

YHI is the value at the top of the screen.

If SCALE is never called, the assumed values are equivalent to:

CALL SCALE (0,0,1.3,1.0)

SIGN (SINGLE-PRECISION TRANSFER OF SIGN)
SIGN accepts two real arguments, calculates the absolute value

of the first argument, and returns this value if the second argument

is positive (or zero), or the negative of this value if the second

argument is negative.

SIN (SINGLE-PRECISION SINE FUNCTION)
SIN calculates and returns the sine of a real argument (in

radians). The argument is reduced to the first quadrant, and the

sine is then computed from a Taylor series expansion.
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SIND (SINGLE-PRECISION SINE (DEGREES) FUNCTION)

SIND calculates and returns the sine of a real argument (in

degrees). This is accomplished by converting the argument to

radians and passing this value to the SIN function.

SNGLf (DOUBLE- TO SINGLE-PRECISION CONVERSION)

SNGL accepts a double-precision argument, truncates the low-

order bits, and returns the resulting real value.

SINH (SINGLE-PRECISION HYPERBOLIC SIGN)

SINH calculates and returns the hyperbolic sine of a real argu-

ment according to the relations:

If 0.10<|xJ<87.929, SINH(x)=l/2[EXP(x)-^p^l

If |xj^0.10, SINH(x) = x+xVfi + xr'/120

If jx|>88.028, SINH(x) = [EXP(|x| - 1oge2)J •rsignum(x)]

SQRT (SINGLE-PRECISION SQUARE ROOT FUNCTION)

SQRT calculates and returns the (positive) square root of a

positive real argument. Any negative argument results in an error

message.

SSW* (READ PDP-1 2 SENSE SWITCH)

SSW accepts two real, integer or logical arguments. The first

i t - i_ _ _ Tvr»T» 1 1 ^^>«oa oviri+oVi mimKfr in the*.

argument is assumed to uc a. ri^r-i^ swjoc ^"^ m*x~.~~ -~ —
range [0, 5]. The second argument is set to the logical value of the

referenced sense switch. If SSW is called on a PDP-8, a value of

zero is always returned. If the first argument falls outside the range

[0, 5], the result that will be returned in the second argument is

generally unpredictable. The exception is the calling sequence:

CALL SSW (14,RUA12)

which returns RUA12=0 on a PDP-8 and RUA12=1 on a

PDP-1 2.

SYNC* (READ A SCHMITT TRIGGER)

SYNC determines whether a Schmitt trigger has been fired, and

must not be called unless CLOCK has been called at least once.

SYNC accepts two real, integer or logical arguments. The first

argument is assumed to be a Schmitt trigger number in the range

[1, 3]. The second argument is set to one if the referenced Schmitt
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trigger has fired since the last time it was read, or to zero others

wise. The referenced Schmitt trigger is also-reset to the not-fired, or

zero, state. A call to CLOCK sets all triggers to the zero state, and

any trigger that was not enabled by a call to CLOCK is always in

the zero state. If the first argument falls outside the range [1, 3], an

unpredictable result (either zero or one) is generally returned. If

the first argument is zero, however, a value of zero is always

returned.

TAN (SINGLE-PRECISION TANGENT FUNCTION)
TAN calculates and returns the tangent of a real argument (in

radians). This is accomplished by computing the quotient of the

sine of the argument divided by the cosine of the argument; thus,

if the cosine of the argument is zero, an error message is returned.

TAND (SINGLE-PRECISION TANGENT, DEGREES)
TAND calculates and returns the tangent of a real argument (in

degrees). This is accomplished by converting the argument to

radians and passing the resulting value to the TAN routine.

TANH (SINGLE-PRECISION HYPERBOLIC TANGENT)
TANH calculates and returns the hyperbolic tangent of a real

argument by computing the quotient of the hyperbolic sine of the

argument divided by the hyperbolic cosine of the argument.

TIME* (READ TIME OF DAY)
TIME may be called as a subroutine with one real or integer

argument, or as a function with a dummy argument. It returns the

elapsed time since the clock was started. This result will be in

seconds unless the clock is running under external input, in which

case it will be in external ticks, with the interval between ticks

specified by the clock rate (see CLOCK).

FORTRAN IV SOURCE LANGUAGE
The FORTRAN language is composed of mathematical-form

statements constructed in accordance with precisely formulated

rules. FORTRAN (source) language programs consist of meaning-

ful sequences of FORTRAN statements that direct the computer

to perform specified operations and computations. OS/8
FORTRAN IV is compatible with ANSI Standard FORTRAN;
that is, programs written in compliance with the ANSI Standard

FORTRAN (3.9-1966) are acceptable to OS/8 FORTRAN IV.
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Certain features of OS/8 FORTRAN IV are not defined by the

standard, so users intending to write OS/8 FORTRAN IV pro-

grams to be used on other machines should ensure either that they

do not use the non-standard features, or that the other machines

on which the programs are to be run also include these features.

FORTRAN source programs are generally written on a coding

sheet such as the one shown in Figure 8-4. Each line of a program

contains three fields: statement number field, line continuation

field, and statement field. A fourth field, the identification field

consisting of columns 73 to 80, is ignored by the compiler. It may
be used to number statements sequentially or for any other purpose.

A statement number consists of one to five digits entered in

columns 1-5. Leading zeros or blanks (leading and trailing) are

retained on the listing, but otherwise ignored in this field. State-

ment numbers may be assigned in any order, but they must be

unique. Any statement referenced by another statement must have

a statement number. Statement numbers on specification statements

are ignored.
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If a FORTRAN statement is so large that it cannot conveniently

fit into one statement field, the statement fields of up to 5 additional

lines may be used to specify the complete statement. The first line

of a statement must have a blank in column 6. Continuation lines

must have some character other than a blank in column 6.

FORTRAN statements define arithmetic operations, call for

input or output, and alter the sequence of program execution. Any
FORTRAN statement may appear in the statement field (columns

7-72). Except when they occur as alphanumeric data within a

FORMAT statement, DATA statement, or literal constant, blanks

(spaces) are ignored and may be used freely for appearance pur-

poses. A TAB at the beginning of a line or after the statement

number causes spacing to column 7. The first TAB after column 7

is treated as a blank by the compiler. Any input line that does

not contain a TAB or at least 6 other characters in columns 1-72

is ignored by the compiler.

Comments explaining tire program may be written in any format.

A line which contains the letter C in column 1 is interpreted as a

line of comments. Comment lines are printed on all listings, but are

otherwise ignored by the compiler. A comment line must not im-

mediately precede a continuation line.

Constants, Variables, and Expressions

CONSTANTS
The constants, variables, and expressions described below are

basic to expressing data values in the FORTRAN language. Seven

types of constants are used in OS/8 FORTRAN IV programs:

integer, real, double precision, octal, complex, logical, and Hol-

lerith.

Integer Constants

An integer constant consists of from one to seven decimal digits

written without a decimal point. Negative constants must be pre-

ceded by a minus (—) sign; however, the plus (+) sign preceding a

positive constant is optional. Embedded commas and blanks are

not allowed in integer constants.

Examples:

+051
-440

6073
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Integer constants must fall within the range —2t23 to 2t23—

1

(—8,388,608 to 8,388,607 decimal). When used as subscripts, in-

teger constants are taken modulo 2T12 (4096 decimal). The follow-

ing are illegal as integer constants:

10.3 (decimal point)

5,000 (comma)

9000000 (outside acceptable range)

Real Constants

A real constant is an integer constant followed by a decimal point,

a second string of digits and an optional exponent. Only the leftmost

six digits, aside from leading zeros, are used by the compiler. A
negative constant must be preceded by a minus (—) sign. The plus

(+) sign preceding a positive real constant is optional.

Real constants may be entered in exponential notation, as illus-

trated below, by specifying a positive or negative decimal value

followed by the letter E and a 1-3 digit integer which may be posi-

tive, negative or zero. The value of the real constant is taken as

the value of the decimal number preceding the letter E multiplied

by that power of 10 indicated by the integer following the letter E.

This notation eliminates leading and trailing zeroes from very large

or very small real constants. The absolute value of any real constant

must fall within the approximate range 10T-615 to 10T615 (or zero).

Examples:

0.0

.579

-10.794

5.0E03 (i.e.,, 5000.)

5.0E+3 (i.e.., 5000.)

5.0E-3 (i.e.,, 0.005)

5.0E0 (i.e. ,5.0)

5E0

The following are not valid real constants.

6,517.6 (comma)

131 (no decimal point or exponent)

IDE (no exponent)

20E1 .5 (exponent must be integer)
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Double Precision Constants

A double precision constant is a real constant that contains extra

significant digits. Aside from leading zeroes, only the leftmost 17

significant digits of a double precision constant are used by the

compiler.. The decimal point may be omitted from a double pre-

cision constant that does not have a fractional component. In other

-respects, double precision constants conform to the same format as

real constants, except that the letter D is used in place of the letter

E, preceding the exponent, when exponential notation is employed.

Double precision arithmetic requires the presence of an FPP with

extended precision option.

Examples:

24.671325982134D0

3.6D2 (i.e., 360.)

3.6D-2 (i.e., .036)

3.0D0

3D0

Octal Constants

An octal constant is a string of octal digits (0-7 only) preceded

by the letter O. Only the 12 low-order digits are used by the com-

piler. Octal constants are valid only in DATA statements where

they are generally used to sett>its for masking purposes.

Examples:

DATA JOB/01032/

DATA BASE/07777/

Complex Constants

FORTRAN IV provides for direct operations on complex num-

bers. A complex constant is written as an ordered pair of real con-

stants separated by a comma and enclosed in parentheses.

Examples:

(.70712, -.70712)

(8.763E3, 2.297)

The first constant of the pair represents the real part of the com-

plex number, and the second constant represents the imaginary

part. The real and imaginary parts may each be signed. The en-

closing parentheses are part of the constant and always appear,

regardless of context. The two parts are represented internally by
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single precision floating-point numbers occupying adjacent posi-

tions in memory. Complex arithmetic can only be done on the FPP
using the extended precision option.

Logical Constants

The two logical constants (.TRUE, and .FALSE.) have the in-

ternal values 1. and 0., respectively. Logical constants may be

entered in DATA or input statements as .TRUE, or .FALSE,

(or abbreviations .T. or .F.). The enclosing periods are part of the

constant and always appear. Logical quantities are operated upon

by logical operators only.

Hollerith Constants

A hollerith constant (or literal constant) is a string of ASCII

characters. There are two forms by which a Hollerith constant may

be represented.

Form 1 : nH character string

where n is the number of characters following the H.

Examples:

5HWORDS
3H123

TtVtrm 0- 'r>hQro/-,tf»r ctrina'

Examples:

'WORDS'
'123'

The single quote character which delimits a Hollerith constant in

form 2 may be included in the character string if immediately pre-

ceded by a second single quote character. Thus, 'DON' T' will be

stored as DON'T.
A Hollerith value may be entered in a DATA statement or FOR-

MAT statement as a string of one to six ASCII characters per in-

teger or real variable, and one to twelve per complex or double

precision variable.

VARIABLES
A variable is a quantity which is represented by a symbolic

name. Arithmetic statements and ASSIGN statements are used to
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change the value of a variable, by computation or assignment, dur-

ing program execution. I/O statements and subroutine calls can

also change the value of a variable. A variable name is a string of

one to six alphanumeric characters, the first of which must be

alphabetic:

Valid Names

J

ALPHA
MAX
A34

Invalid Names

1ACT
STANDARD
FILE 1

#MAIN

.

(first character number)

(too long)

(space within name)

(# not alphanumeric)

There are five types of variables: integer, real, double precision,

complex, or logical. Definitions for these types correspond to

definitions of constants of the same type, i.e., integer variables take

on a value of from zero to any positive or negative integer in the

range -8,3 8 8,607(decimal) to 8,3 8 8,607 (decimal); real variables

contain a decimal point; etc.

Type classification is assigned to a variable explicitly via a type

declaration statement or by virtue of the initial letter of its name. A
first letter of I, J, K, L, M, or N indicates an integer variable. Any

other first letter indicates a real variable. The type declaration state-

ment overrides the type assigned by an initial letter.

Arrays

Variables can be either scalar (representing a single quantity)

or array (representing many quantities with one name). An entire

array is identified by its name, while a single element of the array

is identified by a subscript, in parentheses, following the array name.

Variable

ARRAY(l)

B(l,3)

Refers To

The first element of a one-

dimensional array named

ARRAY.

The element located in the

first row and the third col-

umn of a two-dimensional

array named B.
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Subscripts

The subscripts of an array variable can be integer constants or

expressions. For example, A(l), A(ONE), and A(I+1,2*K+3*J)

illustrate valid subscripts. The elements of an array must be of the

same type, i.e., all real or all logical.

The extent of an array is determined by the dimensions it is

assigned. This may be done by means of a DIMENSION or COM-
MON statement, or as part of a type declaration statement.

EXPRESSIONS
An expression is a combination of elements (constants, sub-

scripted or nonsubscripted variables, and function references), each

of which is related to another by operators and parentheses. An
expression represents one single value that is the result of calcula-

tions specified by the elements and operators that make up the

expression. An expression may, itself, function as an element in

another expression if it is enclosed in parentheses. The FORTRAN
language provides two kinds of expressions: arithmetic and logical.

Arithmetic Expressions

An arithmetic expression is a combination of constants, variables,

and function references separated by arithmetic operators and

parentheses. In the absence of parentheses, algebraic operations

within arithmetic expressions are performed in the following

descending order:

** exponentiation

— unary minus

* and / multiplication and division

+ and — addition and subtraction

= . equals or replacement sign

Parentheses are used to change this order of precedence. An
operation enclosed in parentheses is performed before its result is

used in other operations. In the case of operations of equal prece-

dence, the calculations are performed from left to right. Additional

computations (such as sine, cosine, or square root extraction) may

be specified via a function reference.

An arithmetic expression may consist of a single constant, vari-

able, or function call, referred to as a basic element. For example:
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2.71828

Z(N)

TAN (THETA)

Any function reference acts as a basic element in an expression,
since all functions return a unique value for any given argument.
The reference SQRT(4.), for example, always represents the value
2. in an expression.

Any arithmetic expression may be enclosed in parentheses and
considered as a basic element. For example:

IFIX(X+Y)/2
(ZETA)

(COS(SIN(PI*EM)+X))

Compound arithmetic expressions may be formed using numeric
operators to combine basic elements. For example:

X+3
TOTAL/A
PPEM

A basic element preceded by a + or - sign is also an arithmetic

expression. For example:

+X
-(ALPHA*BETA)
—(SQRT(—GAMMA))

With the exception of unary minus, no two arithmetic operators
may appear in sequence. For instance, X*/Y is illegal.

Parentheses do not imply multiplication, thus (A+B)(C+D) is

improper. This expression must be written:

(A+B)*(C+D)

A typical numeric expression using numeric operators and a
function reference, the expression for one of the roots of the general
quadratic equation

—b+ /bt2 -4ac

2a

might be coded as:

(-B+SQRT(B**2-4. *A*C))/(2. *A)
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The following examples illustrate conversion of other mathe-

matical expressions into FORTRAN expressions.

a+5 A+5.0

a.b A*B
at(b+2) A**(B+2)

/b+d\ 2.5 ((B+D)/A)**2.5

In general, only real and integer quantities may be mixed in

arithmetic expressions. No other type mixing is legal. Logical vari-

ables and constants may only be operated upon by logical operators

(.AND., .OR., .NOT., .XOR., .EQV.). Hollerith literals in expres-

sions have type integer, with only the first six characters being used.

Logical Expressions

A logical expression combines logical constants, logical variables,

logical function references, and logical expressions, using the logical

or relational operators given below.

Logical operators can combine only basic elements whose type is

logical. Relational operators compare units of type integer, real, or

double-precision. The value of such an expression will be of logical

type (that is, .TRUE, or .FALSE.). The relational operators .EQ.

and .NE. may also be used with complex expressions. Complex

quantities are equal if the corresponding parts are equal.

Logical Operator Meaning

.NOT. expr Has the value .TRUE, only if the expression

is .FALSE., and has the value .FALSE, only

if the expression is .TRUE.

exprl.AND.expr2 Has the value .TRUE, only if exprl and

expr2 are both .TRUE., and has the value

.FALSE, if either exprl or expr2 or both are

.FALSE.

exprl .OR.expr2 (Inclusive OR) Has the value .TRUE, if

either exprl or expr2 or both are .TRUE,,

and has the value .FALSE, only if both

exprl and expr2 are .FALSE.

exprl.XOR.expr2 (Exclusive .OR.) Has the value .TRUE, if

either exprl or expr2, but not both, are
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Logical Operator Meaning

.TRUE., and has the value .FALSE, other-

wise.

exprl .EQV.expr2 (Equivalence) Has the value .TRUE, if exprl

and expr2 are both .TRUE, or both .FALSE.

,

and has the value .FALSE, otherwise.

Relational operator Relation

.GT. greater than

.GE. greater than or equal to

XT. less than .

XE. less than or equal to

.EQ. equal to

.NE. not equal to

The enclosing periods are part of the logical and relational opera-

tors, and must be present.

A logical expression, like an arithmetic expression, may consist

of basic elements or a combination of elements, as in

.TRUE.

X.GE.3. 14159

or

TVAL.AND.INDEX
BOOL(M).OR.K.EQ.IMIT

where BOOL is a logical function with 1 argument, or a singly-

dimensioned logical array. A logical expression may also be en-

closed in parentheses and function as a basic element. Thus, the

expressions:

A.AND.(B.OR.C)

and

(A.AND.B).OR.C

are evaluated differently.

8-75



No two logical operators may appear in sequence, except in the

case where .NOT. appears as the second of two logical operators.

Any logical expression may be preceded by the unary operator

.NOT. as in:

.NOT.T

.NOT.X+7.GT.Y+Z
BOOL(K).AND..NOT.(TVAL.OR.R)

Logical and relational operations (unless overridden by paren-

theses) are carried out in the following order:

.GT.,.GE.,.LT...LE.,.EQ.,.NE.

.NOT.

.AND.

.OR.

.EQV.,.XOR.

For example, the logical expression

.NOT.ZETA**2+Y*MASS.GT.K-2.0R.PARITY.AND.X.EQ.Y

is interpreted as

(.NOT.(((ZETA**2)+(Y*MASS)).GT.(K-2))).OR.(PARITY. AND.(X.EQ.Y))

Thrrp vtp- 1 fx Inoiral nnexatnrs theoretically nossible between the

logical expressions. Two of them are constants (true and false) and

four are unary operators (that is, the value of one of the two ex-

pressions is irrelevant to the value of the operation). These six are

marked by asterisks in Table 8-12. The remaining ten operators

can be most conveniently represented as shown at the right of the

table, with A and B representing the two logical expressions in-

volved.

Assignment Statements

A variable may be assigned a value at any point in the source

program. During program execution, the most recent assignment

determines the variable's value in subsequent statements. The

statements which may be used to assign a value to a variable are

the arithmetic and logical statements which assign a numeric or

logical value and the ASSIGN statement which assigns a statement

number.

8-76



ARITHMETIC STATEMENTS
Arithmetic statements indicate computations to be performed by

OS/8 FORTRAN IV.

Form v=e

where V is a variable name

e is an expression

= is the replacement operator

Effect The variable v is assigned

the value of expression e.

Table 8-12

Expressions Involved:

Truth Table for Logical Expressions

A
B

Function

F
F

F
T

T
F

T
T

FORTRAN IV
Expressions

* FALSE F F F F .FALSE.

AND F F F T A .AND. B

F F T F A .AND. .NOT. B

* A F F T T A
F T F F .NOT. A .AND. B

* B . F T F T B

XOR F T T F A .XOR. B

OR F T T T A .OR. B

NOR T F F F .NOT. (A .OR. B)

EQV T F F T A .EQV. B

* NOT B T F T F .NOT. B

T F T T A .OR. .NOT. B

* NOT A T T F F .NOT. A
T T F T .NOT. A .OR. B

NAND T T T F .NOT. (A .AND. B)

* TRUE T T T T .TRUE.
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The arithmetic statement associates a variable name with a value.

This name may then be used in subsequent expressions to represent

the value. Thus, if the arithmetic statement A=2 is executed first,

the statement B=A+1 is equivalent to the statement B=2+l, or

B=3.
Since the equal sign in the arithmetic statement does not indicate

equality but, rather, a replacement; statements of the form:

I = 1+1

are perfectly legal. The arithmetic statement is, in fact, the only

means in FORTRAN by which the results of computations repre-

sented by expressions may be stored.

Tn the following examples, the expression to the right of 'the

equal sign is evaluated and converted when necessary to conform

to the type of the variable to the left of the equal sign. The con-

verted value is stored in the storage location associated with the

variable name to the left of the equal sign. That is, if a real ex-

pression is assigned to an integer variable, the value of the expres-

sion is converted to an integer before assignment.

Examples:

ANS=Y*(X**2+Z)
1=1 *N

P=,TRUE,
S=D.LT.5

The expression to be assigned must be capable of yielding a value

which conforms to the type attribute of the variable to which it is

being assigned. The compiler performs conversions in accordance

with Table 8-13.

THE GO TO ASSIGNMENT STATEMENT
the ASSIGN statement is used in conjunction with an assigned

GO TO statement to permit symbolic referencing of statements.

Form ASSIGN n to var

Where n is a statement number

var is an integer or real variable

Effect The variable represents the assigned statement number

and may be used in an assigned GO TO statement.
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Table 8-13 Conversion Rules for Assignment Statements

TO:
FROM: REAL INTEGER COMPLEX

DOUBLE
PRECISION

LOGICAL
CONSTANT

LITERAL
CONSTANT

Real D D R,D H,D D D,6

Integer C D R,C H,C D D,6

Complex D,R,I D,R,I D H,D,R,I D,R,I D,6

00
Double
Precision D,H,L D,H,L R,D,H,L D D,H,L D,6

VO
Logical N N R,N H,N D N,6

N—Convert non-zero to 1.0 (logical truth)

D—Direct replacement

C—Conversion between integer and floating point

R—Real only (imaginary part set to 0) ,

I—Set imaginary part to

H—High order portion of expression assigned

L—Set low-order part to

6—Use the first character in the literal and five characters following



The statement number assigned must be that of an executable

statement. If more than one ASSIGN statement refers to the same

integer variable name, the value assigned by the last executed state-

ment is the current value.

An integer variable which has obtained its value via an ASSIGN
statement must be redefined via an arithmetic statement before it

can be used in any context other than the GO TO statement. For

example, the statement:

ASSIGN 10 TO COUNT

associates the variable name COUNT with statement number 10

and the statement:

COUNT=COUNT+I

is then invalid. The statement becomes valid, however, if preceded

by an arithmetic assignment statement such as:

COUNT=10

which assigns COUNT the integer value of 10. The use of an

arithmetic assignment, however, invalidates any future use of the

variable COUNT in an assignedGO TO.

An assigned GO TO must not be used to transfer program con-

trol outside of the program or subprogram in which it appears.

Control Statements

Statements are normally executed in the sequence in which they

appear in the source program. This sequence may be altered by the

use of the FORTRAN control statement: GO TO, IF, DO, CON-

TINUE, PAUSE, STOP, CALL and RETURN. The CALL and

RETURN statements, which transfer control to and from sub-

routines, are described later in this section.

GO TO STATEMENTS
The GO TO statement transfers control directly to a specified

statement. There are three forms of the GO TO statement: un-

conditional, computed, and assigned. A GO TO statement may

appear anywhere in the executable portion of the source program

except as the terminal statement in a DO loop.

Unconditional GO TO Statement

Form GO TO n
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Where n = the statement number of an executable statement

Effect Control is transferred to statement n

When control is transferred by a statement of the form GO TO
n, the usual sequential processing continues at the statement whose
number is n.

Examples:

GO TO 50

GO TO 1020
#

Computed GO TO Statement

Form GOTO(nl,n2,...,nK)e

An optional comma may follow the right parenthesis.

Where nl,n2,...,nk are statementnumbers.

e is a positive (non-zero) integer expression whose

value is less than or equal to the number of statement

numbers within the parentheses.

Effect Control is transferred to the statement whose number

is eth in the list of statement numbers.

The integer expression in a computed GO TO statement, acts as

a switch, as in the example given below:

GO TO (20,10,6),K

If K— 1, control will be transferred to statement 20; if K=2, to

statement 10; or if K=3, to statement 6. If K has a value less than

1 or greater than the number of statements within the parentheses,

unpredictable results occur.

Assigned GO TO Statement

Form GOTOv
or

GOTOv,(nl,n2,...,nk)

Where v is an integer variable

nl,n2,...,nk are statement numbers whose values may
have been assigned to v
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Effect Control is transferred to the statement whose number

is currently associated with the variable v via an AS-

SIGN statement.

An ASSIGN statement defines an integer or real variable as a

statement number. Thus, when the statement:

ASSIGN 10 TO LOOP

has been executed, control is transferred to statement 10 by the

assigned GO TO statements:

GO TO LOOP

or

GO TO LOOP, (10,20,100)

either of which may be used to transfer control to whichever state-

ment number is currently associated with LOOP.
An assigned GO TO statement must never be used to transfer

program control outside of the program or subprogram in which it

appears.

IF STATEMENTS
An IF statement causes control to be transferred on the basis of

the value of a specified expression. There are two forms of the IF

statement: arithmetic and logical.

Arithmetic IF Statement

Form IF (arithmetic expression) nl,n2,n3

Where nl ,n2,n3 are statement numbers

Effect Control is transferred to:

nl if expression <0
n2 if expression =
n3 if expression >0

An IF statement transfers control to one of three statements, as

shown in the model, according to the value of the expression given.

For example, the statements:

ALPHA=3
IF (ALPHA) 10,20,30

8-82



transfer control to statement number 30. Complex expressions may
be used in an arithmetic IF statement; however, only the real part

is used in the comparison. If less than three statement numbers are

present, control passes to the next sequential statement for each of

the missing conditions. Thus: .

IF (ALPHA) 10

STOP

transfers control to 10 if ALPHA is negative, otherwise it executes

the STOP statement.

Logical IF Statement

Form IF (logical expression) statement

Where statement may be any executable statement except

another logical IF or a DO statement

Effect the statement,given is executed if the expression has

the value .TRUE., otherwise, the next statement in

sequence is executed.

Examples:

LOGICAL T,F

IF (T.OR.F)X=Y+l
IF (Z.GT.X) CALL SWITCH (S,Y)

IF (K.EQ.INDEX) GO TO 15

DO STATEMENT
DO statements provide for the repeated execution of a statement

or series of statements.

Form DO n i=ml ,m2,m3

Where n is a statement number

i is a nonsubscripted integer or real variable

ml,m2,m3 are integer or real constants or expressions

Effect i is set to ml and statements following the DO state-

ment up to and including statement n are executed

repeatedly increasing i by m3 at the end of each

iteration, until i is greater than m2.
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The statements which are executed as a result of a DO statement

are called the range. The variable i is called the index. The values

ml, ml, and m3 are, respectively, the initial, limit, and increment

values of the index. Note that the range of a DO need not be merely

a section of straight line code following the DO statement. A con-

trol statement which causes instructions elsewhere in the program

to be executed is permissible, as long as control eventually comes

back to the terminal statement. When the range contains such con-

trol statements, it is called an extended range.

If m3 is omitted, an increment of 1 is assumed. A zero or nega-

tive increment is not permitted. The range of a DO is always

executed at least once, regardless of the values of the limit and

increment. After each execution of the range, the increment value

is added to the value of the index and the result is compared with

the limit value. If the value of the index is not greater than the

limit value, the range is executed again using the new value of the

index.

Examples:

DO 5 1=1,100

(1=100 during last iteration of DO loop)

DO 20 1=5,100,2

(1=99 during last iteration of DO loop)

DO 100 1=0,100,2

(1= 1 00 during last iteration of DO loop)

After the last execution of the range, control passes to the state-

ment immediately following it. This exit from the range is called the

normal exit. Exit may also be accomplished by the execution of a

control statement within the range.

The values of the initial, limit and increment variables or ex-

pressions of the DO loop may be altered within the range of the

DO statement. Such alteration will not affect the operation of the

loop, since the values of ml, m2, and m3 are remembered by the

program. Altering the index will affect the number of iterations of

the loop, however. This value is available for program use as a

variable.
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For example:

DO 40 I«l»10
temp«i-i
ANUMBR«TEMP*0,i

40 RQOT«SQRT(ANUMBR)

In this example, the value of the index I is used as the minuend

in determining the value of TEMP. Also, when a statement trans-

fers controf outside the range of a DO loop, e.g., by a GO TO or

IF, the index retains its current value and is available for use as a

variable. A transfer into a DO loop from outside its range may

cause improper partial execution of the loop unless the transfer

into the range is a return from the extended range.

The terminal statement of a DO range must not be a GO TO,

DO, RETURN, STOP, PAUSE, or an arithmetic IF statement. A
logical IF statement is allowed as the last statement of the range,

provided that it does not contain any of the statements mentioned

above. As an example:

DO 5 Kil««
IF CXtK).BT,L> Y(K)«X(K)

In this case, the range is considered ended when, and if, control

would normally pass to the statement following the entire logical

IF statement. Statement 5 is executed four times whether or not the

statement Y(K)=X(K) is executed. Statement 6 is not executed

until statement 5 has been executed four times. Note that if state-

ment 5 were:

5 IF CX(K).GT.Y(L)> GO TO 10

it would be an error.

Any statement which serves as the range limit of a DO loop must

not be used as the transfer point for IF or GO TO statements which

are outside the DO loop. The range of a DO statement may also

include other DO statements. This is referred to as nesting. The

range of any nested DO statement must fall entirely within the

range of the next outermost DO statement; that is, every statement
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in the range of an inner loop must be within the range of its enclos-

ing outer loop. It is possible for a terminal statement to be the ter-

minal statement for more than one DO loop, however. Figure 8-5

illustrates the order in which nested DO's are executed.

B A

c

D

Figure 8-5. Nested DO Loops.

Do loops may be nested to a depth of (at least) ten levels. In

calculating this depth, one implied DO in an I/O statement counts

as one level, whose range is the single statement and n implied

DO's within one I/O statement count as n levels the ranges of

which are all within the single statement.

CONTINUE STATEMENT
The CONTINUE statement consists of the text:

CONTINUE

and causes continuation of the normal sequence of program exe-

cution. CONTINUE is principally used as the range limit of DO
loops in which the last statement would otherwise be a GO TO,
IF, PAUSE, STOP or RETURN statement. The CONTINUE
statement is also used as a transfer point for IF and GO TO
statements within the DO loop that are intended to begin another

repetition of the loop. For example:
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DO 25 1=1*20
D=D*5.0

7 IF <A-B>10,30,25
10 A=A+1.0

B=B-2.0
GO TO 7

25 CONTINUE
30 C=A+B

A CONTINUE statement used as the range limit of any number

of DO loops is compiled as an executable instruction, as in this

example:

DO 55 1 = 3* 5

55

DO 55 C=l, 11

DO 55 V=2,6,3

CONTINUE

A CONTINUE statement which serves as the range limit of a

DO loop must not be used as the transfer point for IF or GO TO
statements which are outside the DO loop. If it serves as the range

limit of several DO loops, as above, it must not "be used as the

transfer point for IF or GO TO statements which are outside the

innermost loop. For example:

DO 20 1=1, 50
IF CK.EQ.4) 60 TO 10 (incorrect)

DO 10 1 = 1,50
IF (K.EQ.4) GO TO 20 (correct)

WRITE (5, 100) I, J,

K

10

20
CONTINUE
CONTINUE

100 FORMAT C3I6)
END
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PAUSE STATEMENT

Form PAUSE
PAUSE number

Where number is an integer variable or expression

Effect The number, if any, is typed on the console terminal.

Execution is suspended until the user presses CON-
Tinue on the comouter console.

The PAUSE statement interrupts program execution.

STOP STATEMENT
The STOP statement is placed at the logical end of a program.

Form STOP

Effect terminates the program and returns control to the

OS/8 monitor.

The STOP statement terminates program execution. No continu-

ation is possible. If no STOP statement is present in a program, a

STOP occurs when control passes to the END statement in the

MAIN program.

A CALL EXIT statement is equivalent to a STOP and closes

tentative files at the last block written on the file. Control returns to

the OS/8 Monitor.

END STATEMENT
The END statement consists of the text:

END

and is placed at the physical end of a program or subprogram. In

the main program, the END statement is equivalent to STOP; in a

subroutine, END is equivalent to RETURN. The compiler assumes

the presence of an END statement if it fails to find one before the

end of the source input file. A program can not reference an END
statement.

Data Transmission Statements

Data transmission statements control the transfer of data between

computer memory and I/O devices. These include three distinct

types of statement: data description (FORMAT) statement, input/
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output (READ and WRITE) statements, and device control

(BACKSPACE, REWIND, and END FILE) statements.

FORMAT STATEMENT
The FORMAT statement describes the form and arrangement

of data on a record.

Form FORMAT (sped,spec2,.../...)

Where specl,spec2 define consecutive series of characters

within a record.

/ is the end of the record description.

) is the end of a statement.

Effect Specifies either the type of conversion to be per-

formed between the internal and external representa-

tion of data or the format of fixed data.

A FORMAT statement* must have a statement number which is

used in other statements for reference.

The field specification (spec) is one of the following:

nAw
nBw.d

nDw.d
nEw.d

nFw.d

nGw.d
nH
nlw

nLw
-sP
Tw
nX
'string'

"string"

where:

n = an unsigned non-zero integer stating the number of times

the field specification is to be repeated.

s = scale .factor
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A,B
;
D

5
E,F,G,H,I,L,P,T,X _ ^^ ^ conversion

w '= non-zero, unsigned integer constant specifying width of

field. Field width must be large enough to provide for all

characters (including decimal point, sign, and exponent)

necessary to constitute the data value plus any blank

characters needed to separate it from other data values.

The data value within a field is right justified: if the value

is too large for the field, the field is filled with asterisks.

.d = unsigned integer constant (may be zero) specifying num-

ber of digits to the right of the decimal point or, for G
conversion, the number of significant digits.

Field specifications must be written in the same sequence as the

data record being described, except when the T specification is

used.

A FORMAT statement may describe one or more records, each

of which can consist of one or more field specifications. The char-

acter "/" (slash) indicates that a new record is being described.

For example, the statement:

FORMAT CG10.2/I5#2F8.4)

is equivalent to

FORMAT CG!0*2>

for the first record, and:

FORMAT <I5, 2F8.4)

for the second record. Field specifications are separated by com-

mas as shown above. The separating comma may be omitted when

a slash is used. When n slashes appear at the end or beginning of a

format, n blank records may be written on output or n records

skipped on input. When n slashes appear in the middle of a format,

n-1 blank records are written or n-1 records skipped.

For example,

FORMAT (16, //A2F5.1)
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where /// indicates that two records are to be skipped

A group of field specifications may be repeated by enclosing the

group in parentheses and preceding the enclosed group with a

repetition number. For example,

FORMAT (3CI5, D10.3>>

Both the slash and the closing parenthesis at the end of the format

indicate the termination of a record. If the list of an input/output

Statement dictates that transmission of data is to continue after the

closing parentheses of the format is reached, the format is repeated

starting with that group repeat specification terminated by the last

preceding right parenthesis, or, if none exists, then to the first left

parenthesis of the format specification. Thus, the statement:

FORMAT (F7.2,3(I2,2(I3,E9.3)17))

group repeat terminator

specification Last preceding

right parenthesis

causes (F7.2,3(I2,2(I3,E9.3)I7)

to be used on the first record, and the format

3(I2,2(I3,E9.3)I7)

to be used on succeeding records.

As a further example, consider the statement:

FORMAT CF7.2<2<E15.5,E15.4>,I7>>

The first record has the format

(F7.2)

and successive records have the format

(2(E15.5,E15.4),I7)

FORMAT statements may be placed anywhere within the

executable portion of the source program. Unless the FORMAT
statement contains only Hollerith data for direct input/output

transmission, it will be used in conjunction with the list of a data
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transmission statement. Because FORMAT statements are refer-

enced by READ or WRITE statements, each FORMAT statement

must have a statement number.

The ASCII character string comprising a format specification

may be stored as an array. Input/output statements may then refer

to the format by giving the array name, rather than the statement

number of a FORMAT statement. The stored format has the

same form as a FORMAT statement excluding the word "FOR-
MAT". The enclosing parentheses are required.

Field specifications in a FORMAT statement should be of the

same type as the corresponding items in the I/O list; that is,

integer quantities require integer (I) conversion, etc. There are

three types of field specifications: numeric, logical, and alpha-

numeric (including Hollerith). In addition, a blank field description

may be given to skip portions of an input record or to embed

blanks within an output record.

Numeric Fields

Numeric fields are specified by one-letter codes (B, D, E, F, G
or I) which designate the type of conversion to be performed. Two
parameters may appear in a numeric field description, depending

on the field type. These are: an integer (w) specifying the field

width (which may be greater than required to provide for blank

rnlnmnc hptwppn rnimKpr<A srtH nn intpapr ((\\ Qnprifvina the num-

ber of decimal places to the right of the decimal point or, for G
conversion, the number of significant digits. Decimal points are

not permitted in I conversion. (For B, D, E, F and G input, the

position of the decimal point, if present in the external field, takes

precedence over the value of d in the format.) Conversion codes

and the corresponding internal and external forms of the numbers

are listed in Table 8-14. Numeric fields are right justified with the

addition of leading spaces and, if necessary, trailing zeroes.

Single precision I/O specifications will transfer a maximum of

six decimal digits of accurate data. Double precision I/O specifica-

tions will transfer a maximum of 15 decimal digits of accurate data.
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Table 8-14 Numeric Field Codes

Conversion Internal External External

Code Form Input Form Output Form

D Double Decimal number Decimal number
precision with or without a

decimal point or

with a D exponent

field and a decimal

exponent field. point.

B Double
precision

Same as D. Same as F.

E Real Decimal number Decimal number
with or without a

decimal point or

exponent field.

and an E exponent

with a decimal point

field.

F Real Decimal number Decimal number
with or without a

decimal point or

exponent field.

with a decimal point.

G Real Decimal number Decimal number
with or without a

decimal point or

with a decimal point

and with or without

exponent field. an E exponent field.

I Integer Decimal number Decimal number
without a decimal without a decimal

point or exponent. point or exponent.

The allowable numeric field specification forms are:

1. Bw.d

2. Dw.d
3. Ew.d

4. Fw.d

5. Iw

6. Gw.d

For <example:

FORMAT <I5,F10.2,D18.10>

could be used to output the line

bb32bbbb-17.60bb0.5962547681E+03
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on the output listing. (The letter b represents a blank or space.)

Since there is no carriage control character in the statement, the

first character is interpreted as a carriage control character and is

not printed.

Complex quantities are transmitted as two independent real

quantities. The format specification consists of two successive real

specifications or one repeated real specification. For instance, the

statement

FORMAT (2E15.4,ii(F6 l 3rF8 a S))

could be used in the transmission of three complex quantities.

The G format is the general format code that is used to transmit

data having a specific number of significant figures, no matter what

the magnitude of the number. This format is intended to allow use

of the simplest output format which can express the desired value

in the space allowed. The rules for input are the same as for E
format.

The form of the output conversion (E or F) is a function of the

magnitude of the data being converted. Table 8-15 shows the

magnitude of the internal data, M, and the resulting method of

conversion.

Table 8-1 5 Conversion Under G Format

Magnitude of Data Resulting conversion

0.1<=M<1 F(w-4).d, 4X
1<=M<10 F(w-4).(d-l), 4X

10(d-2)<=M<10(d— 1) F(w-4).1,4X
10(d-l)<=M< 10(d) F(w-4).0, 4X
All others Ew.d

Scale factors may be written for B, D, E, F, and G con-

version. A scale factor is written:

sP

where s is a signed or unsigned integer that specifies the scale

factor and P is the identifying character.
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For F type conversions, the scale factor specifies a power of ten,

so that

(scale factor)

external number = (internal number)* 10

For D and E conversions, the scale factor multiplies the fraction

by a power of ten, but the exponent is decreased accordingly leav-

ing the number unchanged except in form. For example, if the

statement:

FORMAT CF8.3/E16.5)

corresponds to the line

bb26.451bbbb-0.41321E-01

then the statement

FORMAT (-1PF8.3, 2PE16.5)

would correspond to the line

bbb2.645bbb-41.3215E-03

For G type output conversions, the scale factor is not used

unless the magnitude of the number is such that E format is used.

In input operations, the scale factor is not used if there is an ex-

ponent in the external field.

When no scale factor is specified, a scale factor of zero is as-

sumed. Once a scale factor has been specified, however, it holds for

all subsequent B, D, E, F, and G type conversions within the same

format unless another scale factor is encountered. A zero scale

factor may be resumed via an explicit specification. Scale factors

have no effect on I type conversions.

Logical Fields

Logical data can be described in a manner similar to numeric

data. A logical field description has the form:

Lw

where L is the conversion code character and w is an integer
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specifying the field width. The data is transmitted as the value of

a logical variable in the input/output list. On input, the first non-

blank character in the data field must be .T., T, .F. or F; the value

of the logical variable will be stored as .TRUE., .TRUE.; or

.FALSE., .FALSE., respectively. Leading blanks and the period

preceding the T or F are ignored. If the data field is blank, a value

of false will be stored. On output, w-1 blanks followed by the

letter T or F, according to the variable's value, will be transmitted.

For example, if the specification were L10, the output for the value

.TRUE, would be:

bbbbbbbbbT

Hollerith Data A Conversion

Hollerith data that is to be stored by the program is specified by:

Aw

where A is the conversion code character and w is- the number of

characters in the field. The alphanumeric characters are transmitted

as the value of a variable in an input/output list. The variable may
be of any type. The sequence:

READ <2, 5>V
5 FORMAT CA4)

causes four characters to be read and placed in memory as the

value of the variable V.

The value of w is limited to the maximum number of characters

which can be stored in the space allotted for a single variable. If

w exceeds this amount, the extraneous rightmost characters are

lost on input, and on output the characters after the sixth (twelfth

with double precision) are not significant. If w is less than the num-

ber of characters which can be stored in the space allotted to the

variable, on input the characters are left justified and blank-filled on

the right of each list item. On output the leftmost w characters in

the variable are transmitted to the output field.

Hollerith Data H Conversion

Hollerith data which is not changed by the program is specified

by one of two forms. One, called H conversion, is:

nH
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where H is the control character and n is the number of characters

in the string (including blanks). For example, the format in the

statement below can be used to print PROGRAM COMPLETE on
the output listing.

FORMAT C17H PROGRAM COMPLETE)

Referring to this format in a READ statement causes the 17

characters to be replaced with a new string of characters- from the

input file.

In the second form, the Hollerith data is simply enclosed in

single quotes. The output result is the same as in H conversion; on
output the characters, between the quotes (including, blanks) are .

written as part of the output data, as with Hollerith constants. This .

form is illegal on input. A quote character within the data is

represented by two successive single quotes. For example:

FORMAT < • PROGRAM COMPLETE •

)

A Hollerith format field may be placed among the other fields of

.

the format. For example, the statement:

FORMAT (I5.»7H FORCE=F10.. 5)

can be used to output the line:

bbb22bFORCE=bbl7.68901

Note that the separating comma may be omitted after a

Hollerith format field. The legal characters in a Hollerith field are

the 64-character graphic subset of ASCII, with the exception of

"@", which must not be used. ,

Carriage Control

The first character of each ASCII record controls the spacing of

the line printer or Teletype. This character may be established by
beginning a FORMAT statement for an ASCII record with lHc,
where c is the desired control character. The line spacing actions,

listed below, occur before any printing:
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Character Effect

blank Advance carriage to next line.

zero Skip a line (double space).

1 one Form feed—go to top of next page;

equivalent to on TTY.

+ plus Suppress skipping—overprint previous line.

For example, the program:

A=14.
50 FORMAT (2F3.1)

X=<A-5.25>/2.5
WRITE <6, 100)X

100 FORMAT C1K1*F4.1)
STOP
END

moves the line printer paper to the top of the next sheet (1H1) and

prints b3.5 on the first line. If any unexpected character appears

first in the FORMAT statement, it is processed as a blank.

It is often desirable to print a prompting sequence, such as a

question, to which a response is to be entered on the same line.

To cause such prompting, a $ is included at the end of a FORMAT
statement that is associated with aWRITE statement that has been

satisfied. This will inhibit the carriage return and line feed before

the next input. For example:

A=5
WRITEC4* 100)A
READC4.»200>B .

100 FORMATC SAMPLE NO .'* 1 2*' ISt'^S)
200 FORMATC A6>

WRITE(4,200)B
END

The output is:

SAMPLE NO. 5 I St RED
RED
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Record Layout Specification

Input and output can be made to begin at any position within a

FORTRAN record by use of a field description of the form:

Tw

where T is the spacing control character and w is an unsigned

integer constant specifying the character position in a FORTRAN
record where the transfer of data is to begin.

For printed output, w corresponds to the (w-l) th print position,

since the first character of the output buffer is a carriage control

character and is not printed. (A blank carriage control indicator is

assumed.) For example:

FORMAT CT30," BLACK 'T50, 'WHITE')

causes "BLACK" to appear in columns 29-33 and "WHITE" to

appear in columns 49-53. The statement:

FORMAT (T50, ' BLACK', T30' WHITE '

)

causes "BLACK" to appear in columns 49-53 of one line and

"WHITE" to appear in columns 29-33 Of the following line. The

two lines will constitute two separate records if later read as input.

On input, the statement:

1 FORMAT CT35, F5.0)
READ C3> 1)X

causes the first 34 characters of the input data to be skipped, and

the next five characters to be used as the value of X. If an input

record containing

ABCbbbXYZ \
is read with the format specification

FORMAT CT7.A3iTl,A3)

then the characters XYZ and ABC are read, in that order. The

T-code can be used in a FORMAT statement with any other type

of format code.
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Blanks can be introduced into an output record or characters

skipped on an input record by use of the specification:

nX

where the spacing control character is X and n is the number of

blanks or characters skipped and must be greater than zero. For

example, the statement:

FORMAT (5K STEP I 5* 10X2HY-F7 . 3)

can be used to output the line

bSTEPbbb28bbbbbbbbbbY=b-3.872

The preceding blank would not be printed on the terminal or line

printer.

DEFINE FILE STATEMENT
The FORTRAN program may read or write chosen records out

of a direct-access file without reading intermediate records. In the

more common sequential access, the FORTRAN program must

read or write each record in turn until the correct record is found.

No DEFINE FILE statement is required for sequential access to

mass storage files.

The DEFINE FILE statement is required so that mass storage

files may be referenced as direct access files by input/output state-

ments.

Form DEFINE FILE ai(bl,cl,U,vl),a2(b2,c2,U,v2), .

.

Where a is an integer constant or variable name that is the

symbolic designation for this file specified to the run-

time system.

b is an integer expression that defines the number of

records in the file.

c is an integer expression that defines the length (in

floating point variables) of each file record. Each

single precision integer or real variable or constant

requires one floating point variable; double precision

and complex variables or constants require two.
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U is a fixed argument designating that the file is

unformatted.

v is an integer variable name, called the associated

variable, which is set at the conclusion of an input/

output operation on the file to point to the next

record.

Effect Describes a mass storage file for use with input/

output statements.

The associated variable (v) in a DEFINE FILE statement is

used to maintain an index of records processed. It is set auto-

matically after an input/output statement is executed. The state-

ment:

DEFINE FILE 1 < 1000, 100.. U» I VI )

specifies a 1000-record file, each record of which is 100 floating

point variables long. The variable IV 1 will maintain an index of

records processed, providing a pointer to the next record.

The symbolic file designation (a) cannot be passed as a dummy
argument to a define file statement in a subroutine.

INPUT/OUTPUT STATEMENTS
The input/output statements, READ and WRITE, govern

transfer of data records between internal storage and peripheral

devices. Each statement can contain an input/output list naming

the variables and array elements to be given values on input or

whose values are to be transmitted on output. Both formatted and

unformatted records can be transmitted. A formatted record re-

quires the use of a format specification.

Input/Output Lists

An input/output list contains variable names and array ele-

ments whose values will be assigned on input or written on output.

Constants are not allowed as list items. During input, the new

values listed can be used in subscript or control expressions for

variables appearing later in the list. For example:

READ C6, 100>L,A(L>,BCL+I>

reads a new value for L and uses this value in subscripts of A and

B.
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The transmission of array variables may be controlled by index-

ing similar to that used in the DO statement. This is called an

implied DO and includes as a list element a parenthesized list of

control variables followed by the index control. For example:

READ (7,10) (X(K),K=1,4),A

is equivalent to:

READ (7, 50)X(1),X(2),X(3),X(4),A

The indexing may be compounded by nesting the implied DO's

as in the following:

READ (9,70) ((MASS(K,L),K=1,4),L=1, 5)

The above statement reads in the elements of array MASS in the

following order:

MASS(1,1),MASS(2,1), . . . ,MASS(4,1), MASS(1,2), . . . ,MASS(4,.^

If an entire array is to be transmitted, the indexing may be

omitted and only the array name written. The array is transmitted

in Oiuer oi increasing subscripts with the first subscript varying

most raDidlv. Thus, the examole above could have been written:

READ (7,7 5) MASS

assuming that the array MASS is dimensioned MASS(4,5). The

same statement can transmit integer and real quantities. If the data

to be transmitted exceeds the items in the list, the extra data is

ignored.

Input/Output Records

All data is transmitted by an input/output statement in terms of

records. The maximum amount of information in one record and

the manner of separation between records depends upon the

medium. For punched cards, each card constitutes one record; on

a terminal, a record is one line; for ASCII records, the amount of

information is specified by the FORMAT reference and the I/O
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list; for magnetic tape binary records, the amount of information is

specified by the I/O list.

Each execution of an input or output statement initiates the

transmission of a new data record. If an input/output statement

requests less than a full record of information, the unrequested

part of the record is lost and cannot be recovered by another input/

output statement without repositioning the record. Repositioning is

not possible on all devices, however. If an input/output statement

requires more than one ASCII record of information, successive

records are read in sequence.

The READ Statement

Form

Where

Effect

READ (u,f) list

READ(u,f)

READ (u) list

READ(u)

READ (a'r) list

formatted READ

unformatted READ

direct access mass

storage READ
u is an input unit designation

f is a format statement reference number

list is an I/O list of variable names

a is a symbolic mass storage file number (unsigned

integer constant or integer variable)

' designates direct access

r is the record number where transfer begins

(integer expression)

Input is performed according to the arguments of

the READ statement.

The unit designation(u) referred to in READ statements must

be an integer in the range 1 to 9. Unit designations are assigned

via a. device specification command to the run-time system. If

device specifications are not made, the system assumes the standard

device designations given in the section on the FORTRAN IV
Run-Time system. Thus, READ (1,10) could refer to input from

the high-speed paper tape reader, and READ (4,1 1) could refer to

input from the terminal. Formatted and unformatted records

should not be mixed on a single unit.
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A formatted READ statement causes information to be read

from the specified unit and put in memory. The data are con-

verted from external to internal form as specified by the referenced

FORMAT statement. If an I/O list is provided, the data are stored

as the values of the listed variables. The second form of the for-

matted READ statement is used if the data are transmitted directly

into the specified format. For example,

READ (5* 53>A»B* C

READ C4> 100)

Detection of end-of-file during input causes a fatal run-time system

error unless the library subroutine CHKEOF was called. CHKEOF
should only be used with formatted I/O involving a single record.

When a comma is encountered on input, this signals the end of

the current field and causes the next input character to be read as

the first character of the next input field.

An unformatted READ statement causes binary information

to be read from the unit designated and stored in memory as values

of the variables in the I/O list, if any. If the record contains more

words than the list requires, that part of the record is lost. If more

items are in the list than are in one record, additional records are

read until the list is completed.

A direct access READ statement provides random access to

fixed-length records in a mass storage file. The file whose records

are to be read must be defined by a DEFINE FILE statement. For

example,

DEFINE FILE ATCC 100# 100* U, PT)
READ (ATC f 5)ARRAY

The WRITE Statement

Form WRITE (u,f) list formatted WRITE
WRITE (u,f)

WRITE (u) list

WRITE (u) unformatted WRITE

WRITE (a'r) list Direct access mass storage

WRITE
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Where u is an output unit designation (unsigned integer

constant or variable)

f is a format statement number

list is an I/O list of variable names

a is a symbolic mass storage file number

' designates direct access

r is an associated variable (record pointer)

Effect Output is performed as specified by the arguments of

the WRITE statement.

The unit designation (u) referred to in WRITE statements may
be an integer in the range 1 to 9. Unit designations are assigned

via a device specification command to the run-time system.

A formatted WRITE statement may appear with or without an

I/O list. If a list is provided, the values of the variables in the list

are read from memory and written on the unit designated in ASCII

form. The data is converted to external form as specified by the

designated FORMAT statement. If no list is supplied, information

is read directly from the specified format and written on the

designated unit in ASCII form. For example:

WHITE C2,10i8)
100. FORMAT C* OUTPUT RECORD")

will produce the following record on unit 2:

OUTPUT SECOKD

In the case of an unformatted or direct-access WRITE, the

values of the variables in the list are read from memory and written

on the unit designated in binary form. A record holds 85 single

precision variables. If the list elements fill more than one record,

successive records are written until the list is completed. If the list

elements do not fill the record, the remaining part of the record

contains unknown data. Thus, if there are 100 variables in the list,

two records are used; one record contains 85 variables and the
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second record contains 1 5 variables and unknown data. For

example:

OIMfcNSIUN XC200)
WRITE iH) X,

will produce three records on unit 6, the first will contain X(l) to

X(85); the second will contain X(86) to X(170), and the third will

contain X( 1 71 ) to X( 200).

A direct access WRITE statement outputs a fixed-length record

directly into a mass storage file. The file must have been defined

previously via the execution of an appropriate DEFINE FILE

statement. For example:

DIMENSION RaY(105
DEFINE FILE 1(12, IB, U, J)

J»l
00 5 111, 12
READ (2,100) RAY

HZ FORMAT (10Fd,0)
WRITE (1*J) RAY

5 CONTINUE
CALL EXIT
END

DEVICE CONTROL STATEMENTS
There are three device control statements—BACKSPACE,

END FILE, and REWIND, which apply to any file-structured

device (DECtape, and disk). Their forms and effects are listed in

Table 8-16.

Table 8-16 Device Control Statements

Statement Effect

BACKSPACE u If the next record which would be read or written

on unit (u) is n, BACKSPACE repositions the

unit so that the next record to be read or written

will be n— 1. If the first record is the next record

to be read or written, the BACKSPACE state-

ment has no effect.
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Table 8-16 Device Control Statements (Cont.)

Statement Effect

REWIND u

END FILE u

Repositions the designated unit (u) to the begin-

ning of the file. If the unit is at the beginning of

the file, the REWIND statement has no effect.

Writes an END-OF-FILE character in the spec-

ified file (u), provided that the file has been writ-

ten on by a formatted WRITE. END FILE does

not execute a REWIND.

Specification Statements

Specification statements may be divided into three categories:

Storage specification statements, DIMENSION, COMMON and

EQUIVALENCE, which give the compiler storage allocation

instructions; data specification statements, DATA and BLOCK
DATA, which are used to enter values; and type declaration state-

ments, INTEGER, REAL, DOUBLE PRECISION, COMPLEX,
and LOGICAL, which specify the type of variable.

STORAGE SPECIFICATION STATEMENTS
DIMENSION Statement

Form DIMENSION name 1 (ul„..,u7), name2 (vl;...,v7),...

Where ul,...,u7 and vl,...,v7 are the maximum values of

the subscripts they represent, up to a maximum of seven

subscripts.
'

Effect The array name assigns the type to the array. Storage

is allocated according to the dimensions given.

Each array specification gives the array name and the maximum
size which each of its subscripts may assume. Array size is limited

to 4096_ elements. Each size specification must be a non-zero

positive integer constant. For example:

DIMENSION AC10),BU,6),XC5, 5, 5)

defines A as a orfe dimensional array variable with storage loca-

tions for 10 FPP words. In floating-point FORTRAN, each FPP
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word occupies three storage locations. Therefore allocating storage

locations for 10 words reserves 30 locations of core. Array B is

defined as a two dimensional array with storage for 24 FPP words

(4x6); 72 locations are reserved. Array X is a 3 dimensional array

with 125 FPP words, reserving 375 locations.

In certain cases involving subroutines, a dimension may be an

unsubscripted integer parameter.

Any number of arrays may be declared in a single DIMENSION
statement. Each array variable appearing in the program must

represent an element of an array declared in a DIMENSION
statement, unless the dimension information is given in a COM-
MON or TYPE statement.

Dimension information may appear only once for a given vari-

able. The DIMENSION statement must precede any reference to

the variable including reference in a DATA or EQUIVALENCE
statement. TYPE declaration or COMMON statements may appear

anywhere in a program unless they include dimension information.

A subprogram can establish adjustable arrays at execution time

if both the array name and the subscript size are expressed as

dummy arguments in the subroutine, as in

:

SUBROUTINE WHAT C A, X , Y , Z)
DIMENSION A(X,Y,Z)

Tr% r\r% tViic tk*a rymrtr^rnm^-r trmct Act^KlicVi A V V ^nd 7 'A§

required arguments The dummy array must not exceed the dimen-

sions of the main program array but may be smaller if the call pro-

vides lower subscript sizes than those of the main program dimen-

sioning or if the initial array element referenced is not the beginning

of the main program array.

COMMON Statement

Form COMMON/blockl/a,b,c/block2/d,e,f/...

Where block l,block2,..., are the block names.

a,b,c, d,e,f are the variables to be assigned to each

block.

Effect Specified variables or arrays are stored in an area

available to other programs.
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By means of COMMON statements, the data of a main program
and/or the data of its subprograms can share a common storage

area. The common area can be divided into separate blocks which
are identified by block names that may not be the same as any pro-

gram variable names. A block is specified as follows:

/block name/varl,var2,...

The variables which follow the block name indicate scalar or

array variables assigned to the block. They are placed in the block

in the order in which they appear in the block specification. For
example, the statement:

CQMMON/K/X, Y,T/C/U,V,W,Z

indicates that the elements X,Y, and T are to be placed in block

R in that order, and that U, V, W, and Z are to be placed in block

C. Variables whose names appear in the formal parameter list must
not also appear in COMMON declarations within the subroutine.

A COMMON block may not have the same name as a variable in

the same program. Also, a COMMON block may not have the

same name as any subprogram which is used at the same time as

,

the COMMON block.

Block entries are linked sequentially throughout the program,

beginning with the first COMMON statement. For example, the

statements:

COMMON/D/ALPHA/K/A,fl/C/S
CQMMON/C/X,Y/R/U,V,w

have the same effect as the statement:

CQMMON/D/ALPHA/R/A,B,U»V|W/C/S,X,Y

One block of COMMON storage, referred to as blank COM-
MON, can be left unlabeled. Blank COMMON is indicated by two
consecutive slashes, for example

C0MM0N/H/x,Y//B,C,D

indicates that B, C, and D are placed in blank COMMON. The
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slashes may be omitted when blank COMMON is the first block of

the statement, as in

:

COMMON &,C,0

Storage allocation for blocks of the same name begins at the same

location for all programs executed together. For example, if a

program contains:

COMMON Aft)/ti/X f Y,Z

as its first COMMON statement, and a subprogram has

CUMMON/R/U, v,w/o,e»f

as its first COMMON statement, the quantities represented by X
and U are stored in the same location, i.e., X and U both equal 3.

A similar correspondence holds for A and D in blank COMMON.
COMMON blocks may be of any length, subject to the limita-

tions on available memory.

Array names appearing in COMMON statements may have di-

mension information appended if the arrays have not been declared

via a DIMENSION statement or a type declaration. For example:

COMMON ALkHA,TU5i 10,53 , GAMMA

specifies the dimensions of the array T while entering T in blank

COMMON. If array dimensions are not defined in a COMMON
statement, they must be defined in some other type statement.

EQUIVALENCE Statement

Form EQUIVALENCE(vl,v2,...,),(vk,vk+l,...),..

Where vl ,v2,..,vk are the variable names.

Effect The variables within the parentheses identify the same

storage location.

Example:

EQUIVALENCECRfcD,BLU£)
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specifies that the values of the variables RED and BLUE are stored

in the same location. If used at different times, multiple variables

with different values can occupy the same storage location or if used

at the same time, multiple variables can be assigned the same value

through the use of EQUIVALENCE.
The master variable in an equivalence group is either the variable

in the group that is in COMMON (only one such variable per group

is legal) or the first variable in the group. All the other variables of

an equivalence group are considered slaves and can only appear in

one group. The master of an equivalence group should be large

enough to encompass all of the slaves equivalenced to it.

The subscripts of array variables in an EQUIVALENCE state-

ment must be integer constants. Example:

EQUIVALENCE (X» A C3)rY-C2» I »<»))» (BETA C2» 2) i ALPHA)

The formal parameters of a subroutine must not appear in EQUIV-
ALENCE statements within that subprogram.

The variables assigned by an EQUIVALENCE statement must

be within the same main program or within the same subprogram.

EQUIVALENCE and COMMON
Variables may appear in both COMMON and EQUIVALENCE

statements, but no two quantities in COMMON may be set equiv-

alent to one another.

Quantities placed in a COMMON block by means of EQUIV-
ALENCE statements can cause the end of the COMMON block

to be extended. For example, the statements:

COMMON/R/X, Y,Z
DIMENSION A(4)
EQUIVALtNCECAf Y)

cause the COMMON block R to extend from X to A(4), arranged

as follows:

X
Y A(l)
Z A(2)

A(3)
A(4)
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EQUIVALENCE statements which would require extension of

the start of a COMMON block are not allowed. For example, the

sequence:

C0MM0N/R/X,Y,Z
OJMtNSION A(4)
E&UIVALfcNCE(X,A(3})

is not permitted, since it would require A(l) and A(2) to extend

the starting location of block R.

Care must be exercised when using EQUIVALENCE and

COMMON statements.

THE DATA STATEMENT

Form DATA.var listl/val listl/var list2/val list2/,...

Where var list contains a string of variables separated by

commas

/val list/ contains a string Of data items separated

by commas

Effect A value from val list is assigned to the corresponding

variable in var list.

The DATA statement is used to supply initial or constant values

for variables. The specified values are compiled into the object

program, and become the values assumed by the ,variables when

program execution begins. Such values may also be provided via a

BLOCK DATA subprogram. Initial values for variables in COM-
MON may not be specified in subprograms which may be overlaid

at execution time (refer to Loader description) . It is recommended

that variables in COMMON be initialized only by means of a

BLOCK DATA subprogram.

Variables in the variable list may be either single subscripted

or unsubscripted arrays, or the name of an entire array.

When an entire array is given, data 'values must be specified for

each and every element of the array. Data elements are stored in

the array in the same order as that used for the data transmission

and storage arrays, i.e., in order of increasing subscripts with the

first subscript varying most rapidly.
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Allocation to memory locations in the array stops when:

a. the data item list is exhausted, or,

b. data items have been allocated to the entire array. If so,

additional data items will be allocated to succeeding variables

listed.

When Hollerith or literal constants are encountered in the values

list, they are assigned to the associated variables in the same man-
ner as in assignment statements.

A Hollerith value in a data statement will occupy (n+5)/6

words of storage (36-bit FPP words), with any partial words filled

to the right with blanks.

The data items following each list of variables must have a

one-to-one correspondence with the variables of the list, since

each item of the data specifies the value given to its corresponding

variable.

Data items assigned may be numeric, Hollerith, octal, or logical

constants. For example,

DATA ALPHA, BETA/5, 16, E*2/

specifies the value 5 for ALPHA and the value .16 for BETA. Any
item of data may be preceded by an unsigned non-zero integer

constant followed by ah asterisk. This notation indicates that the

item is to be repeated. For example,

DATA A(l),AC2),A(3),/3*0,/

specifies the value zero for array elements A(l)-A(3). As another

example:

DIMENSION AC2,2),BC3)
DATA A, 9/2*1,0, 3*2, 0,3. 0,4*/

will initialize

A(l,l) andA(2,l) to 1

A(1,2),A(2,2) andB(l) to 2

B(2) to 3, andB(3) to 4
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TYPE DECLARATION STATEMENTS

Form type vl,v2,v3,...

Where type may be INTEGER, REAL, DOUBLE PRE-
CISION, COMPLEX, LOGICAL

vl ,v2,v3,... represent variables

Effect All variables in the list are assigned the given type.

A variable can appear in only one type statement. Type declara-

tion statements override any implicit type specifications determined

by the first letter of a variable. Type statements can be used to give

dimension specifications for arrays. Adjustable arrays in subpro-

grams can also be defined via type statements. Each variable or

function name in a type statement is defined to be of that specific

type throughout the program; the type cannot change.

Examples

:

INTEGER AbCfUKiXYZ
REAL A(2,<0,I,J,K
DOUBLE PRECISION 8, X

,

DARGi , DARG2

Subprogram Statements

Using subprograms, a statement or group of statements can be

written once and then referenced whenever the implemented opera-

tion is to be executed. The use of subprograms saves programming

time and computer memory. There are three categories of sub-

programs in FORTRAN: FUNCTION subprograms, SUBROU-
TINE subprograms and BLOCK DATA subprograms. Functions

and subroutines consist of one or more FORTRAN statements

which may be invoked by name and, as appropriate, with values

upon which they are to operate. A function differs from a subrou-

tine in that it is always called with at least one parameter, and

always returns at least one value as the value to be used for the

function reference in the expression in which it occurs. A subroutine

may be called with or without parameters and may return values

only through its parameters or via COMMON. BLOCK DATA
subprograms contain specification statements only and are used to

specify initial values for variables in COMMON.
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The transmission of arguments between a subprogram reference

and the subprogram itself is accomplished by the use of dummy
variables within the subprogram definition. Those variables in the

subprogram which are dummy variables are listed in the subpro-

gram definition statement. References to the subprogram may then

supply values for these arguments in the same order and be sub-

stituted for them whenever they appear in the subprogram.

FUNCTIONS
An internal function is defined via a form of the arithmetic state-

ment and may be referenced only by the program in which it is

defined.

Form name (argl,...)=expression

Where name is the function name

argl, ... are dummy arguments. These variables will

be altered whenever the function is used and should

not be referenced elsewhere in the program.

expression is the function definition

Effect Defines an internaTfunction.

An arithmetic statement function definition is a single statement.

The expression which defines the function may include dummy
arguments, ordinary variables, external functions and previously

defined internal functions.

In the following definition:

ACOSH(X) = (EXP(X/A) + EXP(-X/A))/2.

X is a dummy argument and A an ordinary variable. When the

function is referenced, the current value of A and the supplied

value of X will be used to evaluate it. All function definitions of

this type must precede the first executable statement of the program

in which they appear, and follow the last specification statement

appearing in the program.

FUNCTION Statements

An external function, one which may be referenced by other

programs, is defined via the FUNCTION statement. A function

reference may only appear within an expression and must, like

other elements of expressions, have a specified type. Type may be
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specified in the definition itself or via any other FORTRAN type

specification facility.

Form t FUNCTION name ( argl, . .
.

)

Where t is an optional type specification (e.g. real)

name is the function name

argl,... are dummy arguments

Effect Defines an external function subprogram.

The function name must be a legal symbol which is assigned a

value within the subprogram definition. The last value assigned

to this name is the function's value. There must be at least one

argument and arguments must agree in number, order, and type

with actual arguments given by the calling program. A maximum
of six dummy arguments may be given in a FUNCTION statement.

Example:

FUNCTION M(X)
IF (X.GE.12,0) GO TO 50
M*10,0 * 2,5
RETURN

50 Mi
t 5 * 5.0

RETURN
END

Dummy arguments may represent the following elements in the

function definition: expressions, alphanumeric strings, array names,

or elements and subprogram names. Dummy arguments which

represent array names must appear within the subprogram either in

a DIMENSION statement, or in one of the type statements that

provide dimension information. Dimensions given as constants

must not exceed the dimensions of the corresponding arrays in the

calling program. Dimensions given as dummy variables may be

used to specify adjustable dimensions for array name arguments.

For example, in the statement sequence:

FUNCTION TABLE C A, M, N, B, X , Y)

DIMENSION A(M,N) (LB(10)iC(50)
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the dimensions of array A are specified by the dummy arguments M
and N, while the dimension of array B is given as a constant. The

various values given for M and N by calling the program must be

within the limits of the actual arrays which the dummy array A
represents. Various arrays may be substituted for A. These arrays

may each be of different size. Dummy dimensions may only be

given for dummy arrays. Note in the above example that the array

C, which is not a dummy argument, must be given absolute dimen-

sions. A dummy argument can not appear in an EQUIVALENCE
statement in the function subprogram.

A function may modify any arguments which appear in the

FORTRAN arithmetic expression calling the function. The only

FORTRAN statements not allowed in a function subprogram are

SUBROUTINE, BLOCK DATA, and another FUNCTION state-

ment.

A function is called by placing the function name in the program.

Control then passes to the function subroutine. The quantity result-

ing from the function subroutine replaces the function name in the

calling expression.

SUBROUTINE SUBPROGRAMS
A subroutine subprogram is defined external to the program which

references it. Subroutine definition is initiated by a SUBROUTINE
statement. A subroutine is referenced by a CALL statement and

returns control to the calling program by means of one or more

RETURN statements.

SUBROUTINE Statement

Form SUBROUTINE name or

SUBROUTINE name(argl,...)

Where name is a subroutine name

argl,... are optional dummy arguments

Effect The program which follows is declared a subroutine

program.

The arguments in the parenthesized list are dummy arguments

representing the arguments of the subprogram. The dummy argu-

ments must agree in number, order, and type with the actual

arguments used by the calling program. A subroutine subprogram
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need not have any arguments at all; a maximum of six dummy
array arguments are allowed. When supplied, they may be expres-

sions, alphanumeric strings, array names, array elements, scalar

variables, and subprogram names.

Dummy variables which represent array names must be dimen-

sioned within the subprogram by a DIMENSION or type declara-

tion statement. As in the case of a function subprogram, either

constants or dummy identifiers may be used to specify dimensions

in a DIMENSION statement. The dummy arguments may not

appear in an EQUIVALENCE or COMMON statement in the

subroutine program.

A subroutine or function subprogram may use one or more of its

dummy arguments to represent results. For example:

SUBROUTINE COMPUT (A,8,AN8)

might require the user to supply numeric values for A and B to be

computed, and a variable for ANS in which to store the results.

The only FORTRAN statements not allowed in a subroutine sub-

program are FUNCTION, BLOCK DATA, and another SUB-

ROUTINE statement.

Constants in call lists of subroutines and function subprograms

are not protected. Therefore, a function such as the following will

result in erroneous values.

FUNCTION FNC1 (V)

FNC1»100.0
Y*Y*2«0
RETURN
END

CALL Statement

Form CALL name or

CALL name (argl,...)

Where name identifies a subprogram

argl,... are actual arguments

Effect Control is* transferred to the subroutine subprogram.

The arguments of a CALL statement can be expressions, array

names, array elements, scalar variables, alphanumeric strings, or
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subprogram names; arguments may be of any type, but must agree

in number, order, type and array size (except for adjustable arrays,

as discussed under the DIMENSION statement) with the corre-

sponding arguments in the SUBROUTINE statement of the called

subroutine. A subroutine cannot be referred to as a basic element

in an expression.

RETURN STATEMENT
The RETURN statement consists of the text

:

RETURN

This statement returns control from a subprogram (subroutine or

function) to the calling program. Normally, the last statement

executed in a subprogram is a RETURN statement. Any number

of RETURN statements can appear in a subprogram.

BLOCK DATA STATEMENT
The BLOCK DATA statement is used to establish a block data

subprogram, a data specification subprogram which is used to enter

initial values for variables in common blocks. No executable state-

ments can appear in a block data subprogram. A block data sub-

program is established by a BLOCK DATA statement consisting

of the text: .

BLOCK DATA

This statement declares the program which follows to be a data

specification subprogram and must be the first statement of the

subprogram. For example:

BLOCK DATA
COMMON A,fc>,C

CQMMON/X/ARRAYU00J
INTEGER A,C
REAL B

DATA AfH f C/S|l,S,0/
LOGICAL ARRAY/100*0/
FND
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This subprogram causes blank common to be initialized with the

integer 5, a real variable 1.5, an integer as its first three variables

and an array with 100 zeroes.

The subprogram contains only type statements, EQUIV-
ALENCE, DATA, DIMENSION, and COMMON arguments. A
complete set of specifications must be given for an entire common
block. A single block data subprogram can initialize any number
of named COMMON blocks.

EXTERNAL STATEMENT

Form EXTERNAL identifier,identifier,....,identifier

Where identifier is the name of a subprogram

Effect The identifier is declared a subprogram name and

may be used as the argument of other subprograms.

Function and subroutine subprogram names can be used as the

actual arguments of subprograms. When they are, their names must
be distinguished from ordinary variables by their appearance in an

EXTERNAL statement.

Any subprogram name given as an argument to another subpro-

gram must have previously appeared in an external declaration in

the calling program (i.e., as an identifier in an EXTERNAL).
Example:

PXTgRNAL SICMAjTHfTA

CALL TRIGF(SIGMA, 1.5, ANSWER)

CALL TRIGFCTHETA, 18T, ANSWER)

END

SUBROUTINE TRIGF (FUNC, ARG, ANSWER)
t »

ANSWER*FUNC(ARG)
a

RETURN
END
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Table 8-17 FORTRAN IV Statement Summary

Statement Form Effect-

Arithmetic

Arithmetic

statement

function

definition

ASSIGN

a = b

t name(a1...)=:x

ASSIGN n TO v

BACKSPACE BACKSPACE u

BLOCK DATA BLOCK DATA

CALL

COMMON

CALL prog
CALL prog(al...)

COMMON/ blockl / a,b,c/

.

CONTINUE CONTINUE

DATA DATA var listl/val listl/.

DEFINE FILE DEFINE FILE
al(bl,cl,U,vl)...

DIMENSION DIMENSION array

(vl...,v7)...

The value of expres-

sion b is assigned to

the variable a.

The value of expres-

sion x is assigned to

f(al.„) after parame-

ter substitution.

Statement number n
is assigned as the

value of integer vari-

able v for use in an

assigned GO TO
statement.

Peripheral device u
is backspaced one

record.

Identifies a block

data subprogram.

Invokes subroutine

named prog, supply-

ing arguments when
required.

Variables (a,b,c) are

assigned to a com-
mon block.

No processing, target

for transfers.

Assigns initial .. or

constant values to

variables.

Describes a mass
storage file for di-

rect access I/O.

Storage allocated ac-

cording to dimen-

sions specified for

the array.
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Table 8-17 FORTRAN IV Statement Summary (Cent.)

Statement Form Effect

DO

END

END FILE

EQUIVA-
LENCE

FORMAT

FUNCTION

GO TO

DO n i = ml,m2,m3

END

END FILE u

Statements following

the DO up to state-

ment n are iterated

for values of integer

variable i, starting at

i =ml, incrementing

by m3, terminating

when i>m2.

Cease program com-
pilation; equivalent

to STOP in main
program or RE-
TURN in subpro-

gram.

Writes END-OF-
FILE character in

file u.

EQUIVALENCE (vl,v2,...,), Identifies same stor-

age location for vari-

ables within paren-

theses.

EXTERNAL EXTERNAL subprog,... Declares a subpro-

gram for use by

other subprograms.

FORMAT (sped,spec2,.. ./...) Specifies conversions

between internal and
external representa-

tion of data.

FUNCTION name (al...)

(1) GO TO n

(2) GO TO (nl,...,nk),e

Indicates an external

function definition.

Transfers control to:

(1) statement n

(2) to statement nl

if e = 1,

to statement nk
if e=k.
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Table 8-17 FORTRAN IV Statement Summary (Cont.)

Statement Form Effect

IF

IF

Logical

PAUSE

READ

RETURN

REWIND

STOP

(3) GO TO v
GO TO v(nl,...,nk)

GO TO v,(nl,...,nk)

IF (arith expr)nl,n2,n3

IF (logical expr) statement

V=E

PAUSE
PAUSE number

READ (u,f) list

READ (u,f)

READ (u) list

READ (u)

READ (a'r) list

RETURN

REWIND u

STOP

(3) Transfers control

to statement
number assigned

to v optionally

checking that v

is assigned one

of the labels nl

....nk.

Transfers control to

nl if expr <0, n2 if

expr = 0, n3 if expr

>0.

Executes statement if

expression has value

.TRUE., otherwise

executes next state-

ment in sequence.

Value of expression

E is assigned to vari-

able V.

Program execution

interrupted and
number printed, if

given.

Reads a record from
a peripheral device

according to specifi-

cations given in the

arguments of the
statement.

Returns control from
a subprogram to the

calling program.

Repositions designa-

ted unit to the begin-

ning of the file.

Terminate program
execution.

'8-123



Table 8-17 FORTRAN IV Statement Summary (Cont.)

Statement Form Effect

SUBROUTINE SUBROUTINE name(al,...)

WRITE

type vl,v2,v3,.

WRITE (u,f) list

WRITE (u,f)

WRITE (u) list

WRITE (u)

WRITE (a'r) list

Declares name to be

a subroutine subpro-

gram and al,..., if

supplied, as dummy
arguments.

Where the variables

vn are assigned the

indicated type, i.e.,

Real, Integer, etc.

Writes a record to a

peripheral device ac-

cording to specifica-

tions given in the ar-

guments of the state-

ment.

PAPER TAPE LOADING INSTRUCTIONS
The FORTRAN IV system may be loaded from paper, tape

using OS/8 EPIC. Of the nine files that make up the system, the

following eight:

F4.SV

PASS2.SV

PASS20.SV
PASS3.SV

RALF.SV
LOAD.SV
FRTS.SV
LIBRA.SV

are on separate paper tapes, as indicated, and may be read in any

order. After these tapes have been read, the six tapes that comprise

the library (FORLIB.RL) must be read in ascending numerical

order. A typical procedure might be:

.R EPIC

*SYS:<

Load OS/ 8 EPIC.

Designate the device on which
the new FORTRAN IV sys-

tem will be built and mount
the F4.SV tape in the reader.
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*/Y

*/Y

*/Y

*/Y

*/Y

*/Y

*/Y

*/Y

END OF TAPE ENTER NEXT
END OF TAPE ENTER NEXT
END OF TAPE ENTER NEXT
END OF TAPE ENTER NEXT
END OF TAPE ENTER NEXT
*tC

Mount the PASS2.SV tape in

the reader.

Mount the PASS20.SV tape

in the reader.

Mount the PASS3.SV tape in

the reader.

Mount the RALF.SV tape in

the reader.

Mount the LOAD.SV tape in

the reader.

Mount the FRTS.SV tape in

the reader.

Mount the LIBRA.SV tape in

the reader.

Mount the first FORLIB.RL
tape in the reader.

Continue to read the six

FORLIB.RL paper tapes in

increasing numerical order.

PDP-12 users who create OS/ 8 FORTRAN IV systems from

paper tape and require the real-time capabilities of this system

must assemble the RALF modules containing REALTM, ADB,
ADC, PLOT, CLRPLT, and SCALE, then add these modules to

the system library. The routines to be assembled and inserted are

contained on three paper tapes. A typical procedure might be as

follows.

.ASSIGN SYS DEV
R PI?
*DEV:FILE1.RA<PTR:
r

*DEV:FILE2.RA<PTR:
t

*DEV:FILE3.RA<PTR:
t

*tC

R RA LF
*DEV:F1LE3.RL<DEV:FILE3.R

.R RALF
*DEV:FILE2.RL<DEV:FILE2.RA

.R RALF
*DEVsFlLEl.RL<DEV.FILEl.RA

Use OS/ 8 PIP to read the

RALF modules, in ascend-

ing numerical order, onto
temporary files.

Assemble the temporary files

under RALF.
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.r libra Use LIBRA to create a tem-
*DEV: TEMPLE. RL<DEV:FORLIB.RL=l

J

. .
1
-•utv.iturL

porary library containing 13

extra blocks for expansion.

.R PIP
*DEV:FORLIB.RL</D
*tc Use PIP to delete the old

library.

.R LIBRA
*DEV:F0RLIB.RL[3]<DEV:TEMPLB.RL,DEV:FILEI.RL,DEV;FILE2.RL,DEV:FILE3.RL/R

NOTE
Use LIBRA to merge the temporary library

and the new RALF modules. LIBRA will

print a list of duplicate module names on the

console terminal. When all output has ended

and LIBRA prints an asterisk at the left

margin, type CTRL/C to return to the

monitor.

The following program example provides a simple test to verify

that the OS/ 8 FORTRAN IV system is operating correctly. When

duplicating the illustrated procedure, use care to distinguish be-

tween user input and machine output. Type CTRL/L at the point

marked (T) to return the editor to command mode. Type ALT
MODE (ESCAPE on some terminals) at the point marked©to
generate the dollar sign character ($).

•R EDIT
*EXAMPL<

#A
vffilTE (4,100)

100 FORMAT (1H "THIS IS A SIMPLE EXAMPLE 9F A PROGRAM )

X:2.5
Y=3.14
Z=X*Y
WRITE (4,200) X,Y,Z

200 FORMAT (1H "X:"F4.2," Y="F4.2," X*Y="F4.2)
END

#L ©
WRITE (4,100)

100 FORMAT (1H "THIS IS A SIMPLE EXAMPLE OF A PROGRAM")

X:2.5
Y:3,14
Z=X*Y
WRITE (4,200) X,Y,Z

200 FORMAT (1H "X="F4.2," Y="F4.2," X*Y="F4.2)
END
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.R F4
""'"".

*,TTY:,,TTY:«IEXAMPL/G
OS/8 FORTRAN IV 3.02 -JUN 1 1973 PAGE

0002 WRITE (4,100)
0003 100 FORMAT (1H "THIS IS A SIMPLE EXAMPLE OF A PROGRAM")
0004 X=2.5
0005 Y=3.14
0006 Z=X*Y
0007 WRITE (4,200) X,Y,Z
0010 200 FORMAT (1H "X="F4.2," Y="F4.2," X*Yr"F4.2)
0011 END

LOADER VE1 0S /01 /73

SYMBOL VALUE LVL OVLY

ARGERR 00204 00
EXIT 00223 00
#MAIN 10000 00
10400 = 1ST FREE LOCATION

LVL OVLY LENGTH

00 10270

*$ (T)
THIS IS A SIMPLE EXAMPLE OF A PROGRAM W
X=2.50 Y=3.14 X*Y=7.85

FORTRAN IV PLOTTER ROUTINES
The X,Y plotter routines control an incremental plotter (Cal-

comp 563, 565 or similar) for use with OS/8 FORTRAN IV. The
routines permit the user to generate a wide variety of plotted

information, including:

1. Labelled axes,

2. Textual data,

3. Graphs from data arrays (X and Y), with optional scaling of

either array and centered symbols denoting the location of a

data point,

4. Variables from the FORTRAN IV program plotted in F
format,

.5. Individual point and vector plotting.

The user also has control of

:

1. Pen position (up or down),

2. Origin of plotted information,

3. Scaling of any plot,

4. Rotation of text and axes.
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The routines included are:

Table 8-18 FORTRAN IV Plotter Routines

Name Function

PLOTS Initializes all other plotter routines to the user's hard-
ware configuration.

XYPLOT Moves pen to specified X,Y location with pen in up or
down position, permits origin control.

FACTOR Scales size of subsequent plotting data.

WHERE Passes current position and factor to the user program.

SYMBOL Prints textual information (such as titles) at any angle

and special symbols to indicate a data point.

NUMBER Prints each digit in a variable, including optional deci-

mal point and truncation.

PSCALE Defines parameters for axis annotation and size of final

plot for data array.

AXIS Plots an axis, at any angle, including segment markings
and title.

LINE Generates the graph of data in two arrays (X and Y).

PLEXIT Terminates all plotting.

The system must support any OS/ 8 FORTRAN IV configura-

tion plus: XY/8e interface for PDP-8/E, or XY interface for
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PDP-12, 8, or 8/1 and an incremental plotter suitable for one of

the above interfaces.

The system must have OS/8 (QFS8-A) and OS/8 FORTRAN
IV (QF008-AB).

Plotter Operation

To optimize the use of the X,Y plot routines, a brief description

of the plotter operation is presented here. The plotter permits six

basic functions: drum down (+X movement), drum up (—

X

movement), pen left (+Y movement), pen right (—Y movement),

pen up and pen down. Diagonal movement is accomplished by a

combination of pen and drum motion. The plotting increment is a

function of the plotter itself, generally .005 or .01 inches. Each

line plotted is in this incremental unit. Hence upon very close

examination vectors plotted at angles other than multiples of 45

degrees may appear sightly non-linear. This effect is unnoticeable

at normal viewing distances from the plotter where all vectors

appear smooth. If the user requests a vector that exceeds the

physical width of the plotter, the pen will move to the physical

limit and plot the remaining section at the margin. This may distort

subsequent plotting, depending on the user's sequence of com-

mands. Therefore, be sure the pen is either physically located in- a

useful position at the start of the plot or use the plotting commands

to monitor its position to prevent such problems.

Plotter Commands
PLOTS

The routine PLOTS must be called once at the start of each plot-

ting program to initialize internal parameters to the current con-

figuration. The call is:

CALLPLOTS(X,Y)

where:

X is the increment size of the plotter in inches; generally .01

or .005 inches.

Y is if running on a PDP-8/E;

1 if running on a PDP-8/I, PDP-8, or PDP-12.

PLOTS initializes the factor (for overall plot size) to one and

clears old pen location and origin status. Note that although the
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plotter may actually move in inches, the code can cause it to

behave as if it were millimeters (or any other unit) by including

the proper conversion in the FORTRAN code.

XYPLOT
XYPLOT is the routine that actually causes pen and drum move-

ments on the plotter. Routines such as NUMBER and AXIS
eventually use XYPLOT. This routine is useful when a plot is to

be generated one vector at a time by the user program (rather than

saving an array, for example). It also controls the origin, defined as

the logical point (0,0) for future plotting.

The call is of the form:

CALL XYPLOT (X,Y,I)

where

:

X,Y is the X,Y coordinate in inches to which the pen is to

move relative to the most recently established origin

point.

I is an integer of the set (—3,-2,2,3) which controls pen

position and establishes the origin point, as follows:

If 1= 2, the pen is down during the move.

If I— 3, the pen is up during the move.

Tf I is negative, the pen moves to point X.Y and this

point is then established as the current origin point (0,0).

If a value outside this set is called, the pen defaults to

down.

For example:

CALL XYPLOT(4,-2,-2)

moves from the current position to 4,—2 with the pen down and

establishes this location as the origin point (0,0).

CALL XYPLOT(-7,3,3)

moves the pen in the up position to —7,3. If these two commands
are sequential, then this move would be —7 inches of X and +3 of

Y, from 0,0 to -7,3.
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No single vector can be plotted longer than 4095 plotting incre-

ments, or approximately 40.9 inches for a .01 increment -plotter or

20.4 for a .005 increment plotter.

FACTOR
Overall plot size can be increased or reduced by using the

FACTOR routine. The call is:

CALL FACTOR(Z)

where:

Z is the ratio of the desired plot size to the current size. This

value is initialized by PLOTS to 1. Calling FACTOR with

Z=l resets the plot to its initial size. The absolute value of

Z is used. For example, to double the size of the plot, the

call is CALL FACTOR (2); to halve it, is CALL FAC-
TOR (.5).

WHERE
The WHERE routine passes three values to the user program:

current X position, current Y position and current factor. This

routine is most commonly used to determine the current location

of the pen in a long plotting sequence, or to calculate a delta X or

Y value for the next step in a graph.

The call is:

CALL WHERE (X,Y,Z)

where:

X is set to the current X position

Y is set to the current Y position

Z is set to the current factor

Consider the following example

:

Call PLOTSC.01,1)
CALL XYPLOTC0,0,-3)
CALL XYPL0T(«5,3,2)
CALL *HERECA,B,C)
WNITEU,10)A,B
FQRMATC1X,'XVAL«M3,»YVAL»M3)
CALL PLEXIT
END
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At the completed running of this program the statement XVAL=
—5YVAL— 3 will be printed on device 4.

SYMBOL
The SYMBOL routine has two forms

:

1

.

Print any number of letters and symbols

2. Print a smgie ciiaracter

The available character set for both forms is found in Tables

8-19 and 8-20.

Table 8-19 Special Symbols

SYMBOL CODE SYMBOL CODE SYMBOL CODE

100
^

_ t, D X 1 12

10 1 X 10"' \

1 1 13

zt\
1 v <£

~7
138

—
1 14

i

103
v .- -* '--

115

X 10 4
, A

i -"i
'">.

S 1

—/.

/
yi a a r^

i
i r^i

105 X A A. A
-1 -I i

X •

A A • '
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Table 8-20 Regular Characters

SYMBOL CODE SYMBOL CODE SYMBOL CODE

n-
A V 2 2

_^_ 43

b- 2 u 23 9
4 4

c 3 X 24 — 45

D A Y 25 46

F 5' z 26' / 47

F • 6
r

L 27
'

48"

G 7
" \ 28 49

H 8 ] 2 9 2 50

I 9 T 3
' 3 5 1-

J 10 4- 31 4 52

K /I A
1 J. 32 53

L 12 I 33 6 5 4

M 13
i

;

34 7 55

N 1-4 0- 3 ^ 8 56

15 : $ 36 9 57

P 16 /o 37 58

Q 17 TT 38
n

59

R 18.
i

39 < 60

S 19 c '40
—

61

T 20 ] 41 > 62

U 2 1 )K
- 42

7'
63

'

Multiple Characters

Any of the above characters, except pi, in Table -8-20 can be
combined in any order to print titles, legends, labels or the like

using a multiple character call:

CALL SYMBOL (X,Y,H,T,A,N)
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where:

X,Y is the coordinate in inches of the lower left corner of the

first character to be printed.

H is the height in inches of each character. Because char-

acters are considered to be on a 7x7 grid, a multiple of

7 times the increment size is recommended (i.e., a mini-

/mum of .07 for .01 increment plotters and .035 for .005

increment plotters). The actual plotting grid occupied by

any character, is 6x4, the remaining 1x3 being used for

spacing between characters.

T is the text in A or Hollerith format.

A is the angle at which the text is to be printed and is

specified in degrees from the X axis.

N is the number (positive integer) of characters to be

plotted and must be greater than and equal to or less

than the number of characters in T.

For example

:

DIMENSION TEXT(rf)
DATA TEXT/*TEXT EXAMPLE*/
CALL PLOTSC.01,15
CALL xtPLOt<0,0»»3)
CALL SVHBQL(lii».21,TEXT»0ii8)
CALL PLEXIT
END

will, on a non-PDP8/e machine with a .01 increment plotter,

initialize the origin point at the current pen location, move from

there to 1,1 and print the 12 characters in TEXT, namely TEXT
EXAMPLE, in letters .21 inches high at degrees from the X axis,

i.e., parallel to the side of the plotter.

The program above is equivalent to:

CALL PLOTS*. 01,1)
CALL XYPLOT(0,0,-3)
CALL 5YMB0L(i»l,.21,18HTexT EXAMPLE, 0, 12

)

CALL PLEXIT
END
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Note that the character pi can only be plotted by a single character

command because it has no Hollerith representation.

Single Characters

Two types of single characters can be plotted:

1

.

Characters from the available character set listed in Table 8-20.

2. Special symbols used to denote a data point. The available

special symbols are listed in Table 8-19. Their use differs from
other characters in that their starting and terminating point is

the center of the character, not the lower left corner. These,

symbols occupy a 4x4 grid.

The call is:

CALL SYMBOL (X,Y,H,I,A,N)

where:

X,Y is the X,Y coordinate of the lower left corner of a regular

character, including pi, or the center for a special symbol.

H is the height in inches of the symbol and should be 7 times

the increment size for a regular character and 4 times the

increment size for a special symbol (i.e., .02 or .04

minimum depending on the plotter)

.

I is in the range 1-63 for regular characters (Table 8-20)
and 100-117 for special symbols (Table 8-19). If a non-
acceptable value is used, SYMBOL prints a space in its

place.

A is the angle in degrees from the X axis at which the

character is printed.

N is — 1 if the pen is to be up during the move to X,Y or —2
if the pen is to be down during the move to X,Y.

For example:

CAUL. PLOTSC.0l,l)
CALL XYPLOTC0#B,»3)
CALL SYMBQLC"b,2, ,35, 1,180, »1)
CALL PLEXIT
END
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This will plot the letter A .35" tall at 180 degrees to the X axis

on a PDP-8/E. The pen will be up during the move from 0,0 to

—6,2, the lower left corner of the A.

CALL PLOTSC.01,1)
CALL SYMBQLCl,«, .20,100,270,-2)
CALL PLfeXIT
END

*

This will plot the first special character .2 inches tall centered at

point 1 ,4 at an angle of 270 degrees to the X axis on a non-PDP-8/E.

The move of the pen from its current location to the start of the

character (1,4) will be visible.

NUMBER
To facilitate handling internal format data (floating point) the

NUMBER routine is included. It plots floating point numbers in a

format similar to FORTRAN IV F format. One number at a time

is plotted using the call:

CALL NUMBER (X,Y,H,Z,A,N)

where:

X,Y is the coordinate of the lower left corner of the first char-

acter of the number.

H is the height of each character, preferably 7 times incre-

ment size (each number is considered to occupy a 7x7

grid).

Z is the number to be plotted. It may be a real or integer

number.

A is the angle to the X axis at which to plot the number.

N is an integer that controls the format of the number Z as

follows:

Value of N Result

Z is truncated and plotted as an integer

followed by a decimal point

-1 Z is truncated and plotted as an integer
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Value of N - Result

=>1 N digits to the right of the decimal point

are plotted. The number is rounded based

on the value of the (N+l )
th digit.

<—

1

N—l digits are truncated from the integer

portion of the number.

Note that the accuracy of the number printed cannot exceed 6

digits, however at the user's discretion he may plot up to 19 digits

with an expected loss of accuracy. If a bad digit is found in Z, that

digit defaults to 0. For Z less than one a leading zero is included.

For example:

CALL PLOTS ( ,0(05, n
C«0
A*198 f f>78

CALL
CALL PLEXIT
END

Statistically the above program will be plotted as follows:

, Starting Height Number
Location (Inches)

.07 * 6/7

Plotted Angle

1,1 198.

1,2 .07 * 6/7 198

1,3 .14*6/7 19

1,4 .14 * 6/7 198.68

If the number (Z) is out of range of the acceptable number of

characters including minus sign and decimal point, the message:

NUMBER OF DIGITS NOT 1-19

is printed on the console device (unit 0)

.
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PSCALE
For many applications, the data to be plotted is scattered irregu-

larly across the total range and in a manner not neatly related to

unit (inch) increments. To permit plotting data in a finite (user

specified) length graph with labelled axis, the PSCALE routine is

invoked to establish two critical plotting parameters—starting value

and scaling increment. The starting value can be positive or nega-

tive and a maximum or minimum. It is the value printed at the

starting axis annotation. The scaling increment is the delta value

between succeeding axis annotations and is the number of data units

per inch of plot, adjusted to 1,2,4,5 or 8 * 10tN. These two values

are used by the AXIS and LINE routines to produce a properly

annotated axis and a graph whose data includes all points in a user

specified length. PSCALE does no plotting; its use is in conjunction

with AXIS and/or LINE. It is generally called twice—once for X
(abscissa) values and once for Y (ordinate) values.

The call is:

CALL PSCALE( A,L,N,I)

where

:

A is the array containing the data to be plotted. This array

must have extra locations at the end in which PSCALE can

store uiC starting vaiue anu scaling increment, as explained

below.

L is the length (integer) of the axis that the data is to cover.

L must be greater than or equal to 1

.

N is the number of data values in A to be considered. N must

be greater than or equal to 1

.

I is the increment between data values to be considered. The

first value examined is always A(l), the next is A(l+I).

If I is positive, the calculated starting value will be a

minimum value.

If I is negative, the calculated starting value will be a

maximum and the scaling increment will be negative.

The calculated starting value is stored at A(N*J+1), the scaling

increment is stored at A(N*J+J+1) where J is the absolute value
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of I. Be sure to dimension A to a length sufficient to include these

locations. Consider the data array ARRAY:

Element Contents

1 .5

.2 1

'

' 3 ' .9

4 .9

5 3.4

6 3.2

7 3.9

8 4.5

9 5.2

10 5.9

The statement:

CALL PSCALE (ARRAY,5,5,2)i

PSCALE will use ARRAY(l), ARRAY(3), ARRAY(5),
ARRAY (7), and ARRAY(9) in determining the starting value

and scaling increment. For the example above, the scaling incre-

ment is 2.0 and the starting value is 0.

If an axis length of less than one is supplied, the message:

axis LENGTH <i

is printed on device 0. If all elements of the data array are the same,

the message:

MAX PT MIN PT

is printed.

AXIS
For most graphs, the presence of labelled axes adds significantly

to interpreting the data. The AXIS routine draws an axis with

labelled tic marks at one inch intervals and a title or other annota-

tion parallel and centered to the axis. AXIS must be called

separately for an X and a Y axis. The starting value and scaling
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increment discussed in PSCALE must have been determined pre-

viously to calling AXIS.

The call is:

CALL AXIS (X,Y,T
5
N,L,A,F,D)

where:

X,Y are the coordinates of the start of the axis, in inches,

relative to the current origin. Often when two axes are

required, X and Y are for both calls. It is suggested that

the physical origin of the axis be at least Vi" in from any

edge of the plotter, as annotation will require that space.

This position becomes the new origin for subsequent

plotting.

T is the title in Hollerith format. It is printed .14 inches tall

(dependent on existing user specified plotting factors)

and centered along the axis. If the scaling increment is

greater than 99 or less than .01, the notation *10 is added

at the end of the title.

N is the number of characters in the title (T) to be printed.

Its sign is used to specify on which side of the axis the

tic marks and their labels are to be: positive means the

positive (counter clockwise) side of the axis, negative is

the negative or clockwise side. Positive labeling is eener-— — — . . __ -. _ _

ally used for Y axes and negative for X axes.

L is the length of the axis in inches. Note that this value

should not exceed the width of the plotter for an axis in

that direction. The absolute value of L is used.

A is the angle in degrees at which the axis is to be drawn. X
axes are generally at and Y axes at 90.

F is the starting value and will be used as the annotation for

the first tic mark. The annotations include two signifi-

cant places after the decimal point. This value may be

determined by PSCALE or supplied by the. user. If

calculated by PSCALE, F must be the appropriate array

element. If the user chooses to calculate his own starting

value and scaling increment, be aware that a tiny F and

large D or large F and tiny D do not produce a mean-

ingful graph.
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D is the scaling increment between tic mark annotations. It

may be determined by PSCALE or by the user. If cal-

culated by PSCALE, D must be the appropriate array

element.

For best results axes should be drawn at multiples of 45 degrees

(including 0) . AXIS uses the routine NUMBER.

LINE
Pairs of data points in two arrays can be combined by LINE and

plotted according to user specified parameters. Points to be plotted

can be indicated by a special symbol and can also be connected by

a continuous line. LINE requires a starting value and scaling in-

crement for each array such as those produced by PSCALE.
The call to LINE is:

CALL LINE(A,B,N,I,L,J)

where:

A is the name of the array whose values are to be the abscissa

values.

B is the name of the array whose values are to be the ordinate

values.

For A and B, the (N*I+l) th element must contain its

starting value and the (N*I+I+l) th element must contain

its scaling increment, as supplied by the user or PSCALE.

N is the number of points in each array to be plotted. The

same number of points is taken from each array.

I is the increment at which the data in A and B is collected,

i.e., every I
th point is plotted. I must be greater than 0.

L determines the manner in which the line is plotted, as

follows:

If L is positive, each point is connected by a line and a

special symbol is plotted at each point.

If L is 0, each point is connected by a line, and no symbols

are drawn.

If L is negative, no connecting lines are plotted. Each point

is indicated by a special symbol.
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J is a value between 100 anot 117 according to Table 8-19

indicating the special symbol to be used in the plot.

The pen should be located at the logical 0,0 position of the

graph when a call to LINE is issued. If the preceding plot operation

was drawing an axis in the usual manner, the pen should be prop-

erly positioned. If I or N is less than or equal to 0, the LINE
routine returns without plotting.

PLEXIT
In order to permit the plotting routines to finish completely, the

routine PLEXIT must be called once when all plotting commands

.

have been issued. PLEXIT does a final pen up operation.

Implementing the Plotter Routines

GETTING STARTED
In order for the plotter to interface properly to OS/ 8 FOR-

TRAN IV, the following patch must be made to the file FRTS.SV.

It adds a clear plotter flag IOT to the run-time device initialization

chain. The sequence is:

.GFT SYSIFRTS.SV

,00T

«..*.*«,»,... ie» /User types 4020 / Response
4020,7000 Mi

/at ter^nal is 7000
/User types 6502

*c
/Type CTRL/C to exit ODT

,S4 SYSIFRTS.SV /Assumes FRTS.SV on SYS
/Device

ADDING THE PLOTTING ROUTINES
The FORTRAN plotting routines are supplied as relocatable

RALF (.RL) modules that can either be added to the FORTRAN
library (FORLIB.RL) or specified explicitly to the loader. To add

the files to FORLIB.RL, the procedure is:

,R LIBRA
*PLQTLB 13} «FORUB,RL/Z»40
*FL0TLB<XYPL0T,RLf AXIS, RL,PSCAUF.,RL rUNe.RL, NUMBER ,RL
*TC
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PLOTLB may then be used by specifying it as a library to the

loader or it may be copied using PIP so that no additional loader

specifications are required. If you choose not to add the plotting

modules to the library, and prefer to specify them to the loader, it

is suggested that only the modules required by the FORTRAN
program be specified in order not to waste space. In general the

user employing elaborate overlay schemes will not want these in

his library, while the user with shorter programs will.

The core requirements to the nearest hundredth location of the

files are:

XYPLOT 1000 locations in field

1 and 700 elsewhere

(includes FACTOR,PLOTS,
WHERE, andPLEXIT).

SYMBOL 500

symbol table 700 (regular and special

characters)

NUMBER 1300

PSCALE 1000

AXIS 1500 (requires NUMBER)
LINE 600

Note that the routines PLOTS, XYPLOT, FACTOR, WHERE,
PLEXIT, SYMBOL and the symbol table, including the code in

field one, are all loaded if any one of those routines is called.

Loading the Plotter Routines from Papertape

If the relocatable plotter routines are supplied on paper tape,

they must be loaded into mass storage using the program EPIC.

Place each tape in the reader before typing the response to the

asterisk. The sequence is:

ft EPIC
*/0$ /Mount XYPLOT.RL
*/Y /Mount NUMBER.RL
*' Y /Mount AXIS.RL
* /v /Mount PSCALE.RL
*£I /Mount LINE.RL

The above puts the files on device SYS.
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Examples

An example combining several of the commands is shown below.

This program requests user input of text and then plots it as a

spiral. ,

DIMENSION NAMEC30)
ITTY»«
WHITE(ITTY,100)

100 FORMATCiXi "TYPE IN TEXTCS8 CHARACTER MAX)*}
READ(ITTY,200)NAME

200 PORMAT£30A1)
WRITECITTY,150)

150 rORMATClX^HOW MANY CHARACTERS DID YOU TYRE INT')
BEAO(ITTY,2S0)NN

250 F0RMAT(I2)
CALL RLOTSC,01,i)
CALL XYPLOT£0,-30,-3)
CALL XYPLOTC10, 10,-3)
RAD»3
8IZE»,1225*RAD
SPIR-,995
CONVb180,/3,1415
ANG»0
BANGUI, 5707
00 300 JalrNN

300 CALL SYMBQLCCJ-1-NN)*SIZE, RAD, SIZE, NAME(J),AN0»1)
360 00 400 J«l „NKI

T»2#ATAN(SIZE/(2,*RAD))
ANGMNG-T*C0NV
X«RAD*COS£BANG)
Y»RAD*SIN(BANG)
BANG«BANG-T
R*0»RA0*SPIR
SIZE».1225*RAD

400 CALL SY«BOL(X,Y,SIZE,NAME(J),ANG.l)
IF (SIZE-. 07) 500, 500, 380

500 CALL PLEXIT
END

The actual plotter output is shown in Figure 8-6.
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Figure 8-6 Spiral Plotter Example
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The next example plots a histogram.

DIMENSION) X (50), Y (50), SALES (12 3, TXT (7)

DATA SALES/20, 30, 32, 40, 50, 90, 95,90, 40, 30, 20, 15/

DATA TXT/»AIR CONDITIONER SALES EACH MONTH OF 1972 »/

CALL PLOTSC.01,0)
CALL XYPLOT(0,-30,-3)
CALL XYPL0TCl,l,-3)
DO 5 Jsl. 12

I«(J-1)*4*1

10

Y(Jm3»SALES(J3
Y(I+2)»SALES(J3
Y C 1 + 33 -0.
Y(49)»0.
Y(59)»i».
00 10 I»l,«8,4
X(I)»I/4+,75
XCI+1)«XCI3
X(I+2)«l/4+,25
X(I+3)«X(I+2)
X(«9)«0.xta9)«0.
X(5B)«1,
CALL AXIS (0,0, ' MONTH »,»5, 13,0,0,13
CALL AXISC0,0,«AIR CONDITIONERS CX100)

'

,23, 10,90, 0, 10)

CALL LINE(X,Y, 48, 1,0,0)
CALL SYMROLU, 10,5, .25, TXT, 0,40)
CALL XYPLOT(12,0,3)
CALL PLfcXlT
E»un

The actual plotter output is shown in Figure 8-7.
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in

character codes

ASCII 1 Character Set

Decimal Decimal
8-Bit 6-Bit Equivalent 8-Bit 6-Bit Equivalent

Character Octal Octal (Al Format) Character Octal Octal (Al Format)

A 301- 01 96 i 241 41 -1952
B 302 02 160 )> 242 42 -1888
C 303 03 224 "#"

243 43 -1824
D 304 04 288 $ 244 44 -1760
E 305 05 352 % 245 . 45 -1696
F 306 06 416 & 246 46 -1632
G 307 07 480 ' 247 47 -1568
H 310 10 ' 544

( 250 50 -1504
I 311 11 608

) 251 51 — 1440

J 312 12 672 * 252 52 — 1376
K 313 13 736 + 253 53 -1312
L 314 14 800 a 254 54 . -1248
M 315 15 864 „ 255 55 -1184
N 316 16 928 256 56 -1120

317 17 992 .

'/ 257 57 -1056
P 320 20 1056 272 ; 72 -352
Q 321 21 1120 273 73 -288
R 322 22 1184 < 274 74 .

-224
S 323 23 1248 275 75 -160
T 324 24 1312

t > 276 76 -96
U 325 25 • 1376 ? 277 77 -32
V 326 26 1440 @ 300 32
w 327 27 1504

[
333 33 1760

X 330 30 1568 \ 334 34 1824
Y 331 31 1632

]
335 35

'

1888
Z 332 32 1696 t(A)2 336 36 1952

260 60 —992 A-)2 337 37 2016
1 261 61 -928 Leader/Trailer 200
2 262 62 —864 LINE FEED 212
3 263 63 -800 Carriage RETURN 215
.4 264 64 -736 SPACE 240 40 -2016
5 265 65 -672 RUBOUT 377
6 266 66 -608 Blank 000
7 267 €1 -544 BELL 207
8 270 70 -480 TAB 211
9 271 71 -416 FORM 214

1 An abbreviation for American Standard Code for Information Interchange.

2 The character in parentheses is printed on some Teletypes.
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loading procedures

Initializing the System
'' Before using the computer system, it is good practice to initialize

all units. To initialize the system, ensure that all switches and con-

trols are as.specified below.

1

.

Main power cord is properly plugged in.

2. Terminal is turned OFF.
3. Low-speed punch is OFF.
4. Low-speed reader is set to FREE.
5. ComputerPOWER key is ON.
6. PANEL LOCK is unlocked.

7. Console switches are set to 0.

8. SING STEP is not set.

9. High-speed punch is OFF,
10. DECtape REMOTE lamps OFF.

The system is now initialized and ready for your use.

Loaders

READ-IN MODE (RIM) LOADER
When a computer in the PDP-8 series is first received, it is noth-

ing more than a piece of hardware; its core memory is completely

demagnetized. The computer "knows" absolutely nothing, not even

how to receive input. However, the programmer can manually

load data directly into core using the console switches.

The RIM Loader is the very first program loaded into the com-
puter, and it is loaded by the programmer using the console
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switches. The RIM Loader instructs the computer to receive and

store, in core, data punched on paper tape in RIM coded format

(RIM Loader is used to load the BIN Loader described below.)

There are two RIM loader programs: one is used when the input

is to be from the low-speed paper tape reader, and the other is used

when input is to be from the high-speed paper tape reader. The

locations and corresponding instructions for the low-speed reader

are listed in Table B-l. The high-speed reader RIM loader is listed

in Table B-2.

For each step in the table, place each of the PDP-8/E console

SWITCH REGISTER switches numbered to 11 either in the up

position if the corresponding table entry is 1, or in the down posi-

tion if the corresponding table entry is 0. When all 12 switches have

been set to correspond to a line in the table, follow the instructions

in the right hand column and proceed to the next line. The tables

also include octal values of the binary switch settings for the benefit

of users familiar with octal numbers.

Table B-l RIM Loader for Low-Speed Reader

Step Octal Switch Register And Then

# Values Setting

012 345 678 91011

1 0000 000 000 000 000 press EXTD ADDR LOAD
2 7756 111 111 101 110 press ADDR LOAD
3 6032 110 000 011 010 lift DEP key

4 6031 110 000 011 001 lift DEP key

5 5357 101 011 101 111 lift DEP key

6 6036 110 000 011 110 lift DEP key

7 7106 111 001 000 110 lift DEP key

8 7006 111 000 000 110 lift DEP key

9 7510 111 101 001 000 lift DEP key

10 5357 101 011 101 111 lift DEP key

11 7006 111 000 000 110 lift DEP key

12 6031 110 000 on 001 lift DEP key

13 5367 101 011 110 111 lift DEP key

14 6034 110 000 011 100 lift DEP key

15 7420 111 100 010 000 lift DEP key

16 3776 011 111 111 110 lift DEP key

17 3376 011 on in 110 lift DEP key
18 5356 101 011 101 110 lift DEP key
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Table B-2 REM Loader for High-Speed Reader

Stepi Octal Switch Regist:er And Then
# Values Setting

012 345 678 91011

1 0000 000 000 000 000 press EXTD ADDR LOAD
2 7756 111 111 101 110 press ADDR LOAD
3 6014 110 000 001 100 lift DEP key
4 6011 110 000 001 001 lift DEP key

5 5357 101 011 101 in lift DEP key
6 6016 110 000 001 110 lift DEP key
7 7106 111 001 000 110 lift DEP key
8 7006 111 000 000 110 lift DEP key
9 7510 111 101 001 000 lift DEP key
10 5374 101 on 111 100 lift DEP key
11 7006 111 000 000 110 lift DEP key
12 6011 110 000 001 001 lift DEP key
13 5367 101 on 110 111 lift DEP key
14 6016 110 000 001 110 lift DEP key
15 7420 111 100 010 000 lift DEP key
16 3776 Oil 111 111 110 lift DEP key
17 3376 Oil on 111 110 lift DEP key
18 5357 101 on 101 111 lift DEP key

After RIM has been loaded, it is good programming practice to

verify that all instructions were stored properly. This can be done

by performing the steps illustrated in Figure B-2, which also

shows how to correct an incorrectly stored instruction.

When loaded, the RIM Loader occupies absolute locations 7756
through 7776.
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(" INITIALIZE }

i
SET ROTARY

SELECTOR SWITCH
TO MD

* DECTAPE USERS SHOULD
LOAD RIM INTO FIELD

SET SWITCHES 6-e
TO DESIRED

INSTRUCTION FIELD*

JSET SWITCHES 9-11

TO DESIRED
DATA FIELD *

PRESS
EXT LOAD ADDR

SET SR
TO 7756

PRESS
ADDR LOAD

SET SR =

FIRST INSTRUCTION

PRESS DEP

SET SR=
NEXT INSTRUCTION

PRESS DEP

( RIM IS LOADED _)

Figure B-l Loading the RIM Loader
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<[ INITIALIZE )

SET ROTARY
INDICATOR

SWITCH TO MD

1

SET SWITCHES
6-8 TO FIELD IN

WHICH RIM HAS
BEEN LOADED

'

'

PRESS
EXT ADDR LOAD

<

SETSR=7756

1

PRESS
ADDR LOAD

"
*

PRESS EXAM

rESN(
^/md=s\v^ correct ^^

<. instruction j>X ? >^
'

^/all\.SET SR=MA-1

1

^X. CHECKED^^

JYES

PRESS
ADDR LOAD

'

( RIM IS LOADED )
SET SR= CORRECT

INSTRUCTION

1

Figure B-2 Checking the RIM Loader

BINARY (BIN) LOADER—
The BIN Loader is a short utility program which, when in core,

instructs the computer to read binary-coded data punched on paper

tape and store it in core memory. BIN is used primarily to load the

programs furnished in the software package (excluding the loaders

and certain subroutines) and the programmer's binary tapes.

BIN is furnished to the programmer on punched paper tape in

RIM-coded format. Therefore, RIM must be in core before BIN
can be loaded. Figure B-3 illustrates the steps necessary to prop-

erly load BIN. And when loading, the input device (low- or high-

speed reader) must be that which was selected when loading RIM.
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o >
SET ROTARY

SELECTOR SWITCH
TO MP

SET SWITCHES
6-8 TO FIELD
WHICH CONTAINS

RIM

SET SWITCHES
9-11 TO FIELD IN

WHICH BIN IS

TO BE LOADED

PRESS
EXT ADDR LOAD

|
SET SR'7756 |

Sn Figures C2-1.C2-E

PRESS ADDR LOAD

SET SWITCHES
6-6 TO FIELD

BIN WAS LOADED
INTO

HIGH-SPEED s< WHICH\ LOW-SPEED

'

READER
1

^S. ? s^ RE &DER

TURN HSR ON TURN TTY TO UNEi

' ' "

PUT BIN LOADER
IN HSR

PUT BIN LOADER
IN LSR

1 "

PRESS

PRESS
EXT ADDR LOAO

SET SR-7777

PRESS
ADDR LOAO

PRESS EXAM

-O

( BIN LOADER "\

V. IS LOADED J

Figure B-3 Loading the BIN Loader
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When stored in core, BIN resides on the last page of core, oc-
cupying absolute locations 7625 through 7752 and 7777.
BIN was purposely placed on the last page of core so that it

would always be available for use—the programs in DEC's soft-

ware package do not use the last page of core (excluding the Disk
Monitor). The programmer must be aware that if he writes a
program which uses the last page of core, BIN will be wip-
ed out when that program runs on the computer. When this
happens, the programmer must load RIM and then BIN before
he can load another binary tape.

Binary tapes to be loaded should be started on the leader-trailer

code (Code 200), otherwise zeros may be loaded into core, destroy-
ing previous instructions.

Figure B-4 illustrates the procedure for loading binary tapes
into core.
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GX LOAD BIN -I SEE FIGURE C23

SET ROTARY
SELECTOR SWITCH

TO AC

SET SWITCHES
6-8 TO FIELD W
WHICH BIN IS

LOADED .

SET SWITCHES 9-11

TO FIELD IN WHICH
PROGRAM IS TO BE

LOADED

PRESS
EXT AOOR LOAD

SET SR TO 7777
"T

HKjH-SPEED REAPER

TURN HSR ON

LOW-SPEED READER

TURN TTY TO LINE

SET SR*3777 IPUT TAPE IN LSR

I PUT TAPE IN HSR SET LSR TO START)

PRESS CLEAR
AND CONT

PRESS CONT
1

OBJECT TAPE
LOADED

Figure B-4 Loading a Binary Tape Using BBS
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permanent symbol
table

The following are the elements of the PDP-8 instruction set

found in the SABR permanent symbol table. These instructions

are already defined within the computer. For additional informa-

tion on these instructions and for a description of the symbols

.
used when programming other, optional, I/O devices, see the Small

Computer Handbook, available from the DEC Software Distribu-

tion Center.

INSTRUCTION CODES

Mnemonic Code Operation Time (jusec.) 1

Memory Reference Instructions

AND 0000 Logical AND 2.6

TAD 1000 Two's complement add 2.6

ISZ 2000 Increment and skip if zero 2.6

INC 2000 Nonskip ISZ . 2.6

DCA 3000 Deposit and clear AC 2.6

JMS 4000 Jump to subroutine 2.6

JMP 5000 Jump 1.2

Sequence

Group 1 Operate Microinstructions (1 cycle2 )

NOP 7000 No operation •—
Increment AC 3

Rotate AC and link left one 4
Rotate AC and link left two 4
Rotate AC and link right one 4
Rotate AC and link right two 4
Complemented link 2
Complement AC 2
Clear link 1

Clear AC "1

1 Times are representative of the PDP-8/E.
2 1 cycle is equal to 1.2 microseconds. .
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IAC 7001
RAL 7004
RTL 7006
RAR 7010
RTR 7012
CML 7020
CMA 7040
CLL 7100
CLA 7200



Mnemonic Code Operation Sequence

Group 2 Operate Microinstructions (1 cycle)

HLT 7402 Halts the computer 3

OSR 7404 Inclusive OR SR with AC 3

SKP 7410 Skip unconditionally

SNL 7420 Skip on nonzero link

SZL 7430 Skip on zero link

SZA 7440 Skip on zero AC
SNA 7450 Skip on nonzero AC
SMA 7500 Skip on minus AC
SPA 7510 Skip on positive AC (zero is positive

Combined Operate Microinstructions

CIA 7041 Complement and increment AC 2,

3

STL 7120 Sent link to 1 1,2

STA 7240 Set AC to - 1 2

Internal IOT Microinstructions

ION 6001 Turn interrupt processor on

IOF 6002 Disable interrupt processor

Keyboard/ Reader (1 cycle)

KSF 6031 Skip on keyboard/ reader flag

KRB 6036 Clear AC, read keyboard buffer

(dynamic), clear keyboard flags

Teleprinter/ Punch (1 cycle)

TSF 6041 Skip on teleprinter/punch flag

TLS 6046 Load teleprinter/punch, print, and clear

teleprinter/ punch flag

High Speed Reader—Type PR8/E (1 cycle)

RSF 6011 Skip on reader flag

RRB 6012 Read reader buffer and clear reader flag

RFC 6014 Clear flag and buffer and fetch

character

High Speed Punch—Type PP8/E (1 cycle)

PSF 6021 Skip on punch flag

PLS 6026 Clear flag and buffer, load buffer and

punch character
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PSEUDO-OPERATORS

The following is a list of the SABR assembler pseudo-operators.

ABSYM
ACH
ACM
ACL
ARG
BLOCK
CALL
COMMN
CPAGE
DECIM
DUMMY
EAP
END
ENTRY
FORTR
I

IF

LAP
OCTAL
OPDEF
PAGE
PAUSE
REORG
RETRN
SKPDF
TEXT
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demonstration run

The following pages present a demonstration of the use of the^

OS/8 system. The terminal output is set off by letters (to its left)

which correspond to the textual explanations on the facing page.

This demonstration illustrates the procedures involved and use of

many of the OS/ 8 system programs and commands.
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A The CCL command is used to zero the DEGtape on Unit 1

,

specifying one additional information word in the directory.

B The user then types the DATE command to set the system date

to April 10, 1974.

C The ASSIGN command is used to give DTA1 the additional

name IN. All subsequent references to IN refer to DTA1.

D DIRECT is called to list the directory of DEGtape Unit 1. A
directory listing of DTA1 is produced.

E The Keyboard Monitor GET and SAVE commands are used

to copy EDIT from the system device to DTA1.

F The FORTRAN compiler is run via the CCL command COM-
PILE to compile and execute the program TEST1 on the

device DSK: An output relocatable binary file named TEST1

is saved by SABR on DEQape Unit 1. the program has an

error in it. Control is returned to the Keyboard Monitor after

execution and the error message-printed on the terminal.

G The program EDIT, located on DTA1, is used to correct the

error in TEST1. The old program, TEST1, is input to the

Editor, and the new (corrected) program, TEST2, is written

by the Editor onto DTA1. The first page is yanked into core.

H The user has noticed a misspelled word in FORMAT line 35

and used the string search feature of the Editor to correct it.

An END statement is appended to the program.
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A .ZERO DTAli = l

B .DA 4/10/74

C -AS DTA1 IN
/.DIR IN:

10-APR-7 4
<

D
V 730 FREE BLOCKS

f. GET SYS EDIT
E

l^.SAVE IN EDIT 0-50005 200=2001

f . COMPILE IN:TEST2<IN:TEST2
pi / CALL EXIT

I NO END STATEMENT

f. RUN IN EDIT

q j *IN:TEST2.FT<TEST1.FT

#Y

/#/:0055
#$35 "L
35 FORMAT ('THE AVERATE IS' F20. 2/)

#.S
35 FORMAT ( • THE AVERAT\GE IS* F20. 2/>

Hi ».L
35 FORMAT C'THE AVERAGE IS' F20. 2/)

#/L

\#A

CALL EXIT

END
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I The user instructs the Editor to list the entire FORTRAN
program.

J Note the use of implied DO loops in the READ and WRITE
statements ...

K and device independent I/O. A file named ABCD.DA is

opened on the default device DSK and data is written into it.

When all the data is entered, the file is closed. Later, this file

is again opened, and the data is read and used by the program.

L An S in column 1 of a FORTRAN line indicates that the line

contains SABR code.

M CALL EXIT is used to return control to the Keyboard Mon-

itor after execution.

N After listing the program,, the E command to the Editor closes

the file and returns control to the Keyboard Monitor.
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r C
C
C
C

THIS PROGRAM PRESENTS A FEW OF THE FEATURES
OF OS/8 FORTRAN; SPECIFICALLY IT INCLUDES IM-
PLIED DO LOOPS., DIRECT INSERTION OF SABR CODE
AND EXPANDED I/O.

C
C

THIS SECTION READS DATA FROM THE TTY AND WRITES
IT ONTO THE DSK AS AN ARRAY.

DIMENSION AC 10)
CALL OOPEN C'DSX', 'ABCD'

)

WRITE (1,10)
FORMAT CENTER 10 NUMBERS IN F6-2 FORMAT.')
WRITE (I, 11)
FORMAT C FOLLOW EACH WITH A CARRIAGE RETURN:'//)
READ CI, 15) CACN), N=l,10)
WRITE C4, 15) CACN), N=l,10)
FORMAT CF6.2)
CALL OCLOSE

THIS SECTION ADDS THE NUMBERS STORED ON THE DSK
AND AVERAGES THEM, PRINTING BOTH RESULTS ON
THE TELETYPE.

25

30

35

SUM=0.0
DO 20 1=1,10
ACI)=0.0
CALL IOPEN C DSK', 'ABCD*

)

READ C4, 15). CACN), N= 1,10)
DO 25 N=l, 10
SUM=SUM+ACN)
CONTINUE '";

WRITE CI, 30) SUM
FORMAT C/* THE SUM IS' F20.2)
AVRs.SUM/10.
WRITE C1,35)AVR
FORMAT C'THE AVERAGE IS' F20.2/)

C

C

C
C

THE SABR CODE FOLLOWING CHECKS FOR A CARRIAGE
RETURN CHARACTER TO INITIATE REPEATING THE
PROGRAM. ANY OTHER CHARACTER TERMINATES THE
PROGRAM.

L<

40 .

rSX,

S
S

S

S

S

^SMYES,
50
60

N{ #e

WRITE Cl,40)
FORMAT C'TO REPEAT, TYPE A CARRIAGE RETURN.'//)
KSF
JMP X
KRB
TAD MYES
SZA
JMP \50
GO TO 5
-215
WRITE Cl,60)
FORMAT C/' PROGRAM DONE'//)
CALL EXIT
END
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O The ASSIGN command is used to change the assigned name

of DTA1 from IN to OUT. The FORTRAN compiler is called

again, and the program is loaded. An output relocatable binary

file named TEST2 is saved by SABR on DECtape Unit 1.

P The FORTRAN program is executed via the CCL command

EXECUTE. The /G, /I, and /O options cause automatic

loading and execution of the program and the device indepen-

dent I/O , and results are calculated and returned. Execution

is not repeated.

Q The DEASSIGN command is used to delete all user-assigned

device names. The ASSIGN command is then used to give the

name X to DTA1.

R The CCL command DIR is used to obtain a directory listing

of DECtape Unit 1. TEST2.RL is the relocatable binary out-

put file from the FORTRAN compilation.

S Next, the CCL command DIR is used to print the directory of

• the system device on the line printer. ABCD.DA is the FOR-
TRAN data file created in the preceding program.

T The CCL command DEL is used to delete the unwanted files

PROG3 and PROG4, from the system device. Then the ASCII

file TEST2 is copied from DECtape Unit 1 to the system device

with the CCL command COPY.
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/".AS DTA1 OUT .U \. COMPILE OUT:TEST2<OUT:TEST2

/.EXECUTE 0UT:TEST2/G/I /O

ENTER 10 NUMBERS IN F6. 2 FORMAT.
FaLOW EACH WITH A CARRIAGE RETURN:

PS

1 6. 23
32.00
171.45
2. 15
22. 10

77. 35
2.9 1

66.00
.46
27 . 50

TH E SUM I

S

418.15
THE AVERAGE IS 41.81

V

TO REPEAT, TYPE A CARRIAGE RETURN.

PROGRAM DONE

^ , .DEA
Q

r

.AS DTA1 X

( .DIR X:

R<

10-APR-7 4

EDIT .SV 12 10-APR-7 4

TEST2 .FT 4 10- APR- 7

4

TEST2 .RL 4 10-APR-7 4

^7 10 FREE BLOCKS
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AD I F< L PT ; < SY S:

S<

T<

10.APR-74

ABSLDR.SV 5 15-JAN-74
CCL .SV 17 26-FEB-74
DIRECT. SV 7 18»JAN*74
FOTP .SV 8 18-JAN-74
PIP .SV 11 18-JAN-74
LIBS .RL 29 18-JAN-74
EDIT .SV 10 18-JAN*74
PALS ,SV 16 18-JAN-74
CREF ,SV 13 18-JAN-74
BITMAP. SV 5 18-JAN-74
FO»T .SV 25 18-JAN-74
SABR ,SV 24 1B-JAN-74
LOADER.SV 12 18-JAN-74
SRCCOM,SV 5 18-JAN»74
BOOT .SV 5 18-JAN-74
BUILD ,SV 33 18»JAN»74
EPIC .SV 14 18-JAN-74
PIP10 .SV 17 18-JAN-74
RESORC.SV 10 18»JAN-74
DTFRMT.SV 7 18-JAN-74
TDFRMT.SV 9 18-JAN-74
RK8FMT.SV 9 18-JAN-74
RKEFMT.SV b 18-JAN.74
CAMP ,SV 8 18-JAN-74
MCPIP ,SV 13 18-JAN-74
DTC0PY.8V 5 18-JAN-T4
TDCOPY.SV 7 18-JAN-74
LlBSfcT.SV 5 ie«JAN»74
CCL ,PA 130 26.FEB-74
TEST1 ,BK 4 ll-APR-74
TEST1 ,RL 4

TEST1 .FT 4 10-APR-74
TEST2 .RL 4 10-APR-74
ABCD .DA 1 1B-APR-74
PR0G3 . 1 10.APR-74
PR0G4 . 1 10.APR-74

^ 2295 FREE BLOCKS

f .DEL PR0G3>PR0G4
FILES DELETED:
PR0G3.
PROG4.

k. .COPY SYS:TEST2.FT<X:TEST2.FT
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error message
summary

The following summary is provided for the user's convenience.

Error messages generated by OS/8 programs are listed in alpha-

betic order and identified by the system program by which they

are generated. This appendix is only a summary. Refer to the

appropriate chapters for more detailed information about error

conditions.

Message Program Explanation

?0

0000

0001

0002

0003

0004

0005

SRCCOM

Editor

Linking

Loader

Linking

Loader

Linking

Loader

Linking

Loader

Linking

Loader

Linking

Loader

Insufficient core—this means
that the differences between
the files are too large to al-

low for effective comparison.

Use of the /X option may
alleviate this problem.

Editor failed in reading a de-

vice. Error occurred in device

handler; most likely a hard-

ware malfunction.

/I or /O specified too late.

Symbol table overflow; more
than 64 subprogram names.

Program will not fit into core.

Program with largest com-
mon storage area was not
loaded first.

Checksum error in input tape.

Illegal relocation code.
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Message Program Explanation

0006

0007

0010

0011

0012

?1

1

1

?2

2

2045 REFS

?3

3

Linking

Loader

Linking

Loader

Linking

Loader

Linking

Loader

Linking

Loader

SRCCOM

Editor

TECO

SRCCOM

Editor

TECO

CREF

SRCCOM

Editor

An output error has occurred.

An input error has occurred

(either a physical device er-

ror, or an attempt was made
to read from a write-only de-

vice such as LPT:).

No starting address has been

specified and there is no en-

try point named MAIN.

An error occurred while the

Loader was attempting to

load a device handler.

I/O error on system device.

Input error on file # 1 or less

than 2 input files specified.

Editor failed in writing onto

a device. Generally a hard-

ware malfunction or WRITE-
LOCKed device.

Illegal command.

Input error on file #2.

File close error occurred. The
output file could not be

closed; the file does not exist

on that device.

Incomplete command.
TECO in Chapter 2.)

(See

More than 2044 (decimal)

references to one symbol

were made.

Output file too large for out-

put device.

File open error occurred.

This error occurs if the out-

put device is a read-only de-

vice or if no output file

name is specified on a file-

oriented output device.
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Message Program Explanation

?4

4

?5.

5

6

8

9

10

11

12

13

14

15

16

17

TECO Non-alphanumeric Q-register

name.

SRCCOM Output error.

Editor Device handler error occur-

red. The Editor could not

load the device handler for

the specified device. This er-

ror should never occur.

TECO Command iterations or mac-
ro calls nested too deeply.

SRCCOM Could not create output file.

TECO Text buffer overflow.

TECO Search string longer than 31

characters.

TECO , Numeric argument missing

before comma, equal sign, U,
or quote (").

TECO Illegal filename in ER, EW,
or EB command.

TECO Semicolon or failing search

encountered on command
level.

TECO Iteration close (>) without

matching open (<).

TECO Attempt to move pointer out-

side of text buffer.

TECO Q-register storage overflow.

TECO Incomplete command.

TECO Output file too large, or else

output parity error.

TECQ Input file parity error.

TECO File error. (See Chapter 2.)

TECO An output command was en-

countered which would have
caused TECO to overflow its

current output file. Users

should close the current out-

put file and write all further
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Message Program Explanation

18

AA

ALOG

ALREADY EXISTS
(filename)

ARE YOU SURE?

TECO

SABR

F4

FORT
Library

FOTP

PIP

output onto one (or more)

additional files. These files

may be combined if neces-

sary.

Attempt to execute an out-

put command without open-

ing an output fiie.

Too many or too few ARG
statements follow a CALL
statement.

More than six subroutine ar-

guments are arrays.

Attempt to compute log of

negative number.

An attempt was made to re-

name an output file with the

name of an existing output

file.

Occurs when using the /S

option. A response of Y will

compress the files.

ARITHMETIC
EXPRESSION TOO

FORT Self-explanatory.

COMPLEX

AS F4 Bad ASSIGN statement.

?BAD ARG BUILD No device name was included

in the LOAD command.

BAD ARG FRTS Illegal argument to library

function.

BAD ARGS Keyboard
Monitor

The arguments to the SAVE
command are not consistent

and violate restrictions.

BAD-BLK EPIC When EPIC is punching a

patch it checks the block spec-

ified by =n to see if it is

within range. If the block is

out of range EPIC outputs

this error message and re-

turns to the command de-

coder.
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Message Program Explanation

BAD CHECKSUM,
FILE #n

ABSLDR

BAD CHECKSUM,
FILE #n

BITMAP

BAD CORE IMAGE Keyboard
Monitor

BAD DATE Keyboard
Monitor

BAD DEVICE CCL

?BAD DIRECTORY RESORC

BAD DIRECTORY ON
DEVICE #n

PIP
V

BAD EXTENSION

BAD FORMAT OR
CHECKSUM-
TRY AGAIN

?BAD INPUT

CCL

LIBSET

BUILD

BAD INPUT DIRECTORY DIRECT
FOTP

BAD INPUT FILE Loader

File number n of the input

file list has a checksum error.

File number n of the input

file list had a checksum error.

The file requested was not a
core image file.

The date has not been en-

tered correctly, or incorrect

arguments were used, or the

date was out of range.

.

The device specified in a

CCL command is not of the

correct form.

Input device directory cannot

be read.

Error message occurs when:
1. PIP is trying to read the

directory, but it is not an

OS/ 8 directory.

2. The output device does

not have a system^ direc-

tory; i.e., file storage be-

gins at record 7 (occurs

during a /Y transfer).

n is the number of the file in

the input file list.

Either an extension was spec-

ified without a file name or

two extensions were specified.

Error in reading relocatable

binary file.

An error was detected in the

binary file; it is not a proper

input- for the LOAD com-
mand.

The directory on the specified

input device is not a valid

OS/ 8 directory.

An input file was not a RALF
module.
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Message Program Explanation

BAD INPUT, FILE #n ABSLDR Attempt was made to load a

non-binary file as file number
n of the input file list; or a

non-core image with /I op-

tion.

BAD INPUT, FILE #n

#BAD LINE. JOB
ABORTED

BITMAP A physical end' of file was
reached before a logical end
of file, or extraneous charac-

ters were found in binary file

n.

BATCH The BATCH monitor de-

tected a record in the input

file that did not have one of

the characters dot, slash, dol-

lar sign, or asterisk as the

first character of the record.

The record is ignored, and
BATCH scans the input file

for the next SJOB record.

?BAD LOAD

?BAD MONITOR

BUILD An attempt was made tQ load

a binary handler that is not

in the correct format.

RESORC The input device may be a

system device but the Moni-
tor rarinrtt h\p a^fpcepH

UITLLJ XVIKJI
i-u= ,,s __:— „.c *i- ~ xr u jniC veraiun ut uic xveyDoaiu

Monitor being used is not

compatible with CCL. A
newer version of the monitor
must be obtained from Dig-

ital before CCL can be used.

BAD NUMBER CCL A CCL command which uses

the # construction does not
have the full 16-digit specifi-

cation that is required.

?BAD ORIGIN BUILD The origin in a binary file is

not in the range 200-577.

BAD OUTPUT DEVICE FOTP This message usually appears
when a non-file structured de-

vice is specified as the output

device.
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Message Program Explanation

BAD OUTPUT DEVICE Loader

BAD OUTPUT
DIRECTORY

BAD RECOLLECTION

FOTP

CCL

BAD SWITCH OPTION CCL

BAD SYSTEM HEAD

BATCH.SV NOT FOUND
ON SYS:

PIP

BATCH

BD

BE

BI

BO

BS

BX

F4

FLAP
RALF

PAL8

FLAP
RALF

FRTS

F4

FLAP
RALF

The loader image file device

was not a directory device, or

the symbol map file device

was a read-only device. The
entire line is ignored.

The directory on the specified

output device is not a valid

OS/ 8 device directory.

An attempt was made to use

a previously remembered ar-

gument when no argument
was saved.

The character used with a

slash (/) to indicate an op-

tion is not a legal option.

If the /Y option is used and
the area being transferred does

not contain OS/ 8, this mes-

sage results.

A copy of BATCH.SV must
exist on the system device.

Control returns to the OS/

8

Monitor.

Bad dimensions (too big, or

syntax) in DIMENSION,
COMMON or TYPE declara-

tion.

Illegal equate. The symbol
had been defined previously.

Two PAL8 internal tables

have overlapped. Fatal error

—assembly cannot continue.

Illegal index register specifi-

cation.

No more file buffer available.

Illegal in BLOCK DATA pro-

gram.

Bad expression. Something in

the expression is incorrect, or

the expression is not valid in

this context.
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Message Program Explanation

SABR

CANNOT CHANGE CORE CCL
CAPACITY- WHILE
RUNNING BATCH

CANNOT HANDLE VARI-
ABLE LENGTH.
RECORDS

% CANT—AT BOF

MCPIP

CAMP

? CAN'T—AT BOT CAMP

% CANT—AT EOD CAMP

% CANT—AT EOF CAMP

? CAN'T—DEVICE
DOESN'T EXIST

? CANT—DEVICE IS

READ-ONLY

? CAN'T—DEVICE IS

WRITE-ONLY

CAMP

CAMP

CAMP

An illegal character appears

on the line.

A CORE command was is-

sued while the BATCH pro-

gram was running.

The records on the input and

output files specified are not

the same size.

A file mark was read before

the specified number of rec-

ords were read over in a

BACKSPACE command. The
device is moved forward so

that it is positioned at the

beginning of the file.

A BACKSPACE command
cannot move the device back-

ward the specified number of

files because the device is po-

sitioned at the beginning of

the first file.

The specified number of files

cannot be advanced over be-

cause the end of data was en-

countered, The tape is posi-

tioned at the end of data.

A file mark was read before

the specified number of rec-

ords were advanced over in a

SKIP command. The tape is

moved backward one record

to leave it positioned at the

end of the file.

The device specified in a

CAMP command is not pres-

ent on the OS/ 8 system.

The device specified in a

CAMP command is a read-

only device; e.g., PTR.

The device specified in a

CAMP command is a write-

only device; e.g., TTY.
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Message Program Explanation

? CAN'T FOR THIS
DEVICE

? CAN'T I/O ERROR

CAN'T OPEN OUTPUT PIP
FILE

CAN'T READ IT

%CAN'T REMEMBER

CAUTION— DO DP

CCL #x OVERLAY &
MONITOR INCOMPAT-
IBLE

CH

CHER

CI

CAMP The operation specified does

not make sense for the device

specified.

CAMP This message is followed by a

brief explanation of the input/

output error that occurred.

Message occurs due to one of

the following:

1. Output file is on a read-

only device.

2. No name has been speci-

fied for the output file.

3. A ,/Y transfer has been at-

tempted to a non-directory

device.

4. Output file has zero free

blocks.

FRTS I/O error on reading loader

image file.

CCL The argument specified in a

CCL command line is too

long to be remembered or an

I/O error occurred.

FRTS The present hardware config-

uration does not include an

FPP-12 Floating-Point Pro-

cessor with double precision

option.

CCL The version of CCL being

used is not compatible with

the Keyboard Monitor pres-

ent on the system. Type R
CCL to retry.

BCOMP Error in CHAIN statement.

PAL8 Chain to CREF error—
CREF-SV was not found on
SYS:.

FORT File specified as argument to

Library CHAIN not found on system

device.

BRTS Inquire failure in CHAIN.
Device not found.
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Message Program Explanation

CL

CLOSE ERROR

BRTS

F4

MCPIP

CLOSE FAILED CREF

CO F4

COMMAND LINE OVER- CCL
FLOW

COMMAND TOO LONG CCL

COMPLIER MALFUNC-
TION

CONTRADICTORY
SWITCHES

FORT

CCL

?CORE BUILD

D

DA

SABR

BRTS

E-10

Lookup failure in CHAIN.
Filename not found.

Bad COMPLEX literal.

MCPIP is not able to close

the file. A bad file just cre-

ated on magnetic tape or cas-

sette must be removed by
placing a sentinel file after

the preceding file.

CLOSE on output file failed.

Syntax error in COMMON
statement.

"v

The command line specified

with the @ construction is

more than 512 characters in

length.

The length of a text argument
in a MUNG command is too

long.

The meaning of this message
has been extended to cover

Various unlikely Monitor er-

rors.

Either two CCL processor

switches were specified in the

same command line or the

file extension and the proces-

sor switch do not agree.

A CORE command specified

more memory than is physi-

cally available, or the BOOT
command was issued on an
8K system with a 2-page sys-

tem handler active. Two page
system handlers require at

least 12K of core to be pres-

ent on the OS/ 8 system.

A device handler has returned

a fatal condition.

Attempt to read past end of

data list.



Message Program Explanation

DA

DE

F4

BCQMP

BRTS

F4

PAL8

DELETES PERFORMED
ONLY ON INPUT
DEVICE GROUP 1

CAN'T HANDLE MUL-
TIPLE DEVICE
DELETES

?DEV IS NOT FILE
STRUCTURED

DEV LPT BAD

DEV NOT IMPLE-
MENTED

FOTP

RESORC

CREF

BATCH

DEVICE DOES NOT
HAVE A DIRECTORY

DEVICE FULL

DEVICE #n NOT A
DIRECTORY DEVICE

DIRECT

PIP 10

PIP

Bad syntax in DATA state-

ment.

Error in DEF statement.

Device driver error. Caused
by hardware I/O failure.

This type of statement illegal

as end of DO loop.

Device error. An error was
detected when trying to read
or write a device. Fatal er-

ror—assembly cannot con-
tinue.

More than one input device
was specified with the /D op-
tion when no output specifica-

tion (device or filename) was
included.

The input device specified is

not a file-structured device;

e.g., PTR.

The default output device,

LPT, cannot be used as it is

not available on this system.

BATCH cannot accept input
from the specified input de-
vice because its handler is

not permanently resident

(SYS: or co-resident with
SYS:). Control returns to the
Command Decoder.

The input device is a non-
directory device; e.g., PTR,
DIRECT can only read di-

rectories from file-structured

devices.

DECsystem-10 ran out of
space on the output file dur-
ing a transfer.

Message occurs when:
1. Trying -to list the directory

of a non-directory device.
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Message Program Explanation

DF

D.F. TOO BIG

DH

DI

DIRECTORY ERROR

DIVIDE BY

DIVZ

DL

DN

PAL8

F4

FRTS

F4

BCOMP

PIP

FRTS

FORT
Library

F4

F4

DO BRTS

F4

2. The input designated in a

/Y transfer is not on a di-

rectory device.

n gives the number of the de-

vice in the input list.

Device full. Fatal error—as-

sembly cannot continue.

Bad DEFINE
ment.

FILE state-

Product of number of records

times number of blocks per

record exceeds number of

blocks in file.

Hollerith field error in DATA
statement.

Error in DIM statement syn-

tax or string dimension greater

than 72, or array dimensioned

twice.

An error has occurred while

reading or writing the direc-

tory during a /S option.

Attempt to divide by zero.

The resulting quotient is set

to zero and execution con-

tinues.

Division by zero; very large

number is returned.

Data list and variable list are

not same length.

DO-end missing or incorrectly

nested. This message is not

printed during pass 3. It is

followed by the statement

number of the erroneous state-

ment rather than the ISN:

No more room for drivers.

Too many different devices

used in file commands.

Syntax error in DO or im-

plied DO.
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Message Program Explanation

name DOES NOT EXIST

DP

?DSK

DV

E

EF

EG

EM

EN

END OF TAPE

END OF TAPE ENTER
NEXT

CCL The device with the name
Command given is not present on the

Decoder OS/ 8 system.

MCPIP

F4 DO loop parameter not inte-

ger or real.

BUILD The device specified in a DSK
command is not a file-struc-

tured device.

BRTS Attempt to divide by 0. Re-
sult is set to zero (NF).

FLAP An attempt was made in an
RALF expression evaluation to di-

vide by zero.

SABR There is no END statement.

BRTS Logical end of file. Usually
caused when I/O device runs

out of medium.

FLAP The preceding line contains

RALF extra code which could not

be used by the assembler.
»

BRTS Attempt to exponentiate a
negative number to a power.

BRTS Enter error in opening file.

Device is read only or there

is already one variable file

open on that device or file

not found.

EPIC EPIC was expecting a block
of tape and found end of tape

instead. Press CONT to retry.

EPIC When EPIC is reading a file

that is segmented across a

number of paper tapes and
encounters the end of a seg-

ment, it outputs this message
and halts with AC—1111 to

allow the user to enter the

next segment of papertape.

Press CONT to continue read-

ing.
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ENTER ERROR MCPIP

ENTER FAILED

EOF ERROR

CREF

FRTS

EQUALS OPTION BAD DIRECT

ERROR DELETING FILE PIP
PIP10

ERROR IN COMMAND CCL

ERROR ON INPUT DE-
VICE SKIPPING
(filename)

ERROR ON OUTPUT
DEVICE

ERROR ON OUTPUT
DEVICE SKIPPING
(fiilename)

ERROR READING IN-

PUT DIRECTORY

ERROR WHILE WRIT-
ING OUTPUT FILE

ERROR WRITING FILE

FOTP

BITMAP

FOTP

DIRECT
FOTP

LIBSET

DIRECT

E-14

Error occurred while trying

to enter an output file. This

message usually means that

the cassette or magnetic tape

has no sentinel file.

Entering an output file was

unsuccessful—possibly output

was specified to a read-only

device.

End of file encountered on

input.

The =n option is not in the

range 0-7.

ERROR CLOSING FILE DIRECT System error.

An attempt was made to de-

lete a file that does not exist.

A command not entered di-

rectly from the console ter-

minal is not a legal CCL
command. This error occurs

when the argument of a UA,
UB, or UC command was not

a legal command.

The file specified is not trans-

ferred, but any previous or

subsequent files are \ trans-

ferred and indicated in the

new directory.

Error occurred while writing

on output device; i.e., output

error on DECtape write.

The file specified is not trans-

ferred, but any previous or

subsequent files are trans-

ferred and indicated in the

new directory.

An error occurred while read-

ing the directory.

Fatal output error occurred.

An error occurred while writ-

ing the output file.



Message ' Program Explanation

ERROR WRITING OUT-
PUT DIRECTORY

FOTP Self-explanatory.

ES RALF External symbol error.

EX F4 Syntax error in EXTERNAL
statement.

EXCESSIVE SUBSCRIPTS FORT Self-explanatory.

FB FORT
Library

Argument to EXP too large;

very large number is returned.

\ BRTS FILE busy. Attempt to use a

file already in use.

FC

FE

FETCH ERROR

FI

FILE ERROR

FILE NOT FOUND

FILE OVERFLOW

FIX

BRTS OS/ 8 error while closing vari-

able file. Device is read-only

on file already closed.

BRTS Fetch error in opening file.

Device not found, or device

handler too big for available

space.

MCPIP Error occurred while trying

to fetch an OS/ 8 device han-

dler.

BRTS Attempt to close or use un-

opened file.

FRTS Any of:

a. A file specified as an exist-

ing file was not found.

b. A file specified as a non-

existent file would not fit

on the designated device.

c. More than 1 nonexistent

file was specified on a single

device.

d. File specification contained
"*" as name or extension.

PIP 10 The requested file was not

found on the specified device.

FRTS Attempt to write outside file

boundaries.

FORT Attempt to fix a number
Library >2047; 2047 is returned.
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FL

FLPW

FM

FMT1

FMT2

FMT3

FN

FO

FLAP
RALF

FORT
Library

BRTS

FORT
Library

FORT
Library

FORT
Library

BCOMP

BRTS

BRTS

FRTS

FP BCOMP

FP FLAP
RALF

FPP ERROR FRTS

FR BCOMB

FULL Editor

GR BRTS

E-16

An error has occurred in the

FPP or software floating con-

version routines.

Negative number raised to

floating point power; absolute

value taken.

Attempt to fix minus number.

Usually caused by negative

subscripts or file numbers.

Invalid format statement.

Illegal character in I format.

Illegal character in F or E
format.

Error in file number of file

name designation.

Illegal file number. Only 0, 1,

2, 3, 4 are legal.

Attempt to fix number greater

than 4095. Usually caused by
negative subscripts of file

Illegal syntax in FORMAT
statement.

Incorrect FOR loop parame-
ters or FOR loop syntax.

A syntax error was encoun-

tered in a floating point or

extended precision constant.

Hardware error on FPP start-

up.

Error in function arguments

or function not defined.

The specified output device

has become full. The file is

closed; the user must specify

a new output file.

RETURN without a GOSUB.



Message Program Explanation

GS

GT

GV

HANDLER FAIL

?HANDLERS

HO

I

I

A

IC

IC

ID

IE

BRTS Too many nested GOSUBS.
The limit is 10.

F4 Syntax error in GO TO state-

ment.

F4 Assigned or computed .GO
TO variable must be integer

or real.

CREF This is a fatal error on output

"and can occur if either the

system device or the selected

output device is WRITE-
LOCKed.

BUILD More than 15 handlers, in-

cluding SYS and DSK were
active when a BOOT com-
mand was issued.

F4 Hollerith field error.

SABR An illegal syntax has been
used.

BRTS Illegal argument in UDEF
function call.

FLAP The symbol or expression in

.

RALF a conditional is improperly
used, or left angle bracket is

missing. The conditional

pseudo-op is ignored.

PAL8 Illegal character. The charac-
ter is ignored and the assem-
bly continued.

PAL8 Illegal redefinition of a sym-
bol.

F4 Error reading input file. Con-
trol returns to the Keyboard
Monitor.

PAL8 Illegal equals—an attempt was
made to equate a variable to

an expression containing an
undefined term. The variable

remains undefined.
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IE

IF

II

IL

ILLEGAL*

ILLEGAL * OR ?

ILLEGAL?

ILLEGAL ARG.

ILLEGAL ARITHMETIC
EXPRESSION

ILLEGAL BINARY
INPUT, FILE #n

ILLEGAL CONSTANT

ILLEGAL CONTINUA-
TION

RALF An entry point has not been

defined, or is absolute, or also

is defined as a common sec-

tion, or external.

BCOMP THEN or GOTO missing

from IF statement, or bad re-

lational operator.

BRTS Illegal DEVrfilename specifi-

cation.

F4 Logical IF statement cannot

be used with DO, DATA,
INTEGER, etc.

PAL8 Illegal indirect—an off-page

reference was made; a link

could not be generated be-

cause the indirect bit was al-

ready set.

FLAP A literal was used in an in-

struction which cannot ac-

cept one.

DIRECT An asterisk (*) was included

FOTP in the output file specification

or an illegal * was included

in the input file name.

CCL An * or ? was used in a CCL
A/fOPTD rr*mmonH tHot rtn^c nr»t o,r~illVI JLA WllimUl'U VUM. «^Wwu l-*-*J *• «*v

cept the wild card construc-

tion.

DIRECT A question mark (?) was in-

FOTP eluded in the output file spec-

ification.

Keyboard The SAVE command was not

Monitor expressed correctly; illegal

syntax used.

FORT Self-explanatory.

PIP Self-explanatory; n is the

number of the file in the input

list.

FORT Self-explanatory.

FORT Self-explanatory.
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ILLEGAL EQUIVALENC- FORT
ING

#ILLEGAL INPUT

ILLEGAL OR EXCES-
SIVE DO NESTING

ILLEGAL ORIGIN

BATCH

FORT

Loader

ILLEGAL SPOOL DEVICE BATCH

Self-explanatory.

A file specification designated

TTY or PTR as an input de-

vice when the initial dialogue

indicated that an operator is

not available. The current job

is aborted, and BATCH
scans the input file for the

next $JOB command record.

Self-explanatory.

A RALF routine tried to

store data outside the bounds
of its overlay.

The device specified as a

spooling output device must
be file-structured. Control re-

turns to the Command De-
coder.

ILLEGAL STATEMENT FORT Self-explanatory.

ILLEGAL STATEMENT
NUMBER

FORT Self-explanatory.

ILLEGAL SYNTAX CCL
Command
Decoder
MCPIP

The command line was for-

matted incorrectly.

ILLEGAL VARIABLE FORT Self-explanatory.

IN BRTS Inquire failure in opening
file. Device not found.

INCOMPATIBLE! ABSLDR The versions of ABSLDR
and the Keyboard Monitor
being used are incompatible.

7INPUT ERROR RESORC An input error occurred dur-

ing a RESORC operation.

INPUT ERROR CREF
MCPIP

An input error occurred

while reading the file.

FRTS

LIBSET

E-19

Illegal character received as

input.

Parity error on input.
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INPUT ERROR, FILE # n PIP

INPUT ERROR READING CCL
INDIRECT FILE

#INPUT FAILURE BATCH

INSUFFICIENT CORE
FOR BATCH RUN

10

BATCH

BCOMP

BRTS

IOER

FLAP
RALF

FORT

FORT
Library

I/O ERR BUILD

An input error occurred while

reading file number n in the

input file list.

CCL cannot read the file spec-

ified with the @ construc-

tion.

Either a hardware problem
prevented BATCH from read-

ing the next record of the in-

put file, or BATCH read the

last record of the input file

without encountering a $END
command record.

OS/ 8 BATCH requires 12K
of core to run. Control re-

turns to the OS/ 8 Monitor.

I/O error.

TTY input buffer overflow.

Causes input buffer to be

cleared and output another ?

(NF).

Input/output error (fatal er-

ror).

A device handler has sig-

nalled an I/O FORT error.

One of the following has

occurred:

1. Device independent input

or output attempted with-

out /I or /O options, or

user attempted to specify

a device requiring a two-

page handler for device-

independent I/O without

using the /H option.

2. Bad arguments to IOPEN
or OOPEN, or

3. Transmission error while

doing I/O.

An error occurred while

reading from an input device

during a LOAD command.
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I/O ERROR FRTS Error reading or writing a

file, tried to read from an out-

put device, or tried to write

on an output device.

PIP 10 I/O device error; e.g., parity,

write lock, out of paper.

EPIC If EPIC encounters an error

while reading or writing a

mass storage device, or a

paper tape read fails three

consecutive times, it outputs

this error message, deletes

the output file if one exists,

and returns to the Com-
mand Decoder.

I/O ERROR, FILE #n ABSLDR
BITMAP

An I/O error has occurred in

input file number n.

IO ERROR IN (file name) PIP

—CONTINUING

I/O ERROR ON SYS: CCL

An error has occurred during

a /S transfer.

An error occurred while

doing I/O to the system de-

vice. The system must be

restarted at 7600 or 7605

(see Restarting OS/8 in the

Getting On Line with OS/

8

section of Chapter 1). Do not

press CONT, as that will

surely cause further errors.

I/O ERROR TRYING TO
RECALL

CCL An I/O error occurred while

CCL was trying to remem-
ber an argument.

IP PAL8 Illegal pseudo-op—a pseudo-

op was used in the wrong
context or with incorrect syn-

tax.

IR FLAP Invalid reference in a PDP-8
instruction.

IX FLAP An index register was speci-

RALF fied for an instruction which
cannot accept one.
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IZ

LD

LG

LI

LIBRARY DIRECTORY
OVERFLOW

LINE TOO LONG IN
FILE #n

LM

LOADER I/O ERROR

LS

LT

L/t ERROR

PAL8 Illegal page zero reference

—

The pseudo-op was found in

an instruction which did not

refer to page zero. The Z is

ignored.

SABR /L or /G option was indi-

cated, but the LOADER.SV
file does not exist on the sys-

tem device.

PAL8 The /L or /G options have
been specified and ABSLDR
is not present on the system.

PAL8 Link Generated—only printed

if the /E switch was speci-

fied to PAL 8.

F4 Argument of logical IF is not

type Logical.

LIBSET Too many subroutines were
specified.

PIP In ASCII mode, a line has

been found greater than 140

characters.

BRTS Attempt to take log of nega-

tive number or 0.

Loader Fatal error message indicat-

ing that an error was de-

tected by OS/8 while trying

to perform a USR function.

BCOMP Missing equal sign in LET
statement.

BCOMP Statement too long (greater

than 80 characters).

F4 Input line too long, too

many continuations.

FLAP The line is longer than 128

RALF characters. The first 127 char-

acters are assembled and
listed.

EPIC EPIC was expecting leader/

trailer and found non-leader
trailer while attempting to
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M

#MANUAL HELP
NEEDED

MD

ME

MIXED INPUT

read a block. The program
prints this error message and
halts with AC=7777 to allow

the user to reposition the tape

then press the CONT key.

SABR A symbol is multiply-defined.

Listings of programs with

multiple definitions have un-

marked errors.

BATCH BATCH is attempting to op-

erate an I/O device, such as

PTR or TTY, that will re-

quire operator intervention.

BCOMP Line number defined more
than once. YY equals the

line number before line in

error.

FLAP ' The tag on the line has been

RALF previously encountered at an-

other location or has been

used in a context requiring an

absolute expression.

BCOMP Missing END statement.

Loader The L option was specified on

a line that contained some
file other than a library file.

The library file (if any) is

accepted. Any other input file

specification is ignored.

MIXED MODE
EXPRESSION

FORT Self-explanatory.

MK F4 Misspelled keyword.

ML F4 Multiply-defined line number.

MM F4 Mismatched parenthesis.

MO BCOMP
F4

Operand expected, not found.

MONITOR ERROR 2 AT
xxxx (DIRECTORY I/O
ERROR)

Keyboard
Monitor

Attempt made to output to a

WRITE-LOCKed device usu-

ally DECtape; or an error

has occurred reading/writing

a directory.
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MONITOR ERROR 5 AT
xxxx (I/O ERROR ON
SYS=)

MONITOR ERROR 6 AT
xxxx (DIRECTORY

Keyboard
Monitor

Keyboard
Monitor

OVERFLOW)

#MONITOR OVERLAYED BATCH

MORE CORE REQUIRED FRTS

An error occurred while do-

ing I/O to the system device.

This error is normally the

result of not WRITE-EN-
ABLEing the system device.

A directory overflow has oc-

curred (no room for tentative

file entry in directory).

The Command Decoder at-

tempted to call the BATCH
monitor to accept and trans-

mit a file specification, but

found that a user program
had overlayed part or all of

the BATCH monitor. Control

returns to the monitor level,

and BATCH executes the

next Keyboard Monitor com-
mand.

The space required for the

program, the I/O device

handlers (I/O buffers) and

the resident Monitor exceeds

the available core.

expression within paren-

tneses.

MT BCOMP Operand of mixed type or

F4 operator does not match
operands.

MULT SECT Loader Any combination of entry

point, COMMON section

(with the exception of multi-

ple COMMONS) or pro-

gram section of the same
name causes this error, ex-

cept as shown in the Table

8-6.

?NAEM BUILD A device or filename was not

designated in a command
that requires one to be pres-

ent.
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NE

NEED:nlFOUND:n2

FLAP
RALF

EPIC

NEED:namel
name2

FOUND EPIC

NF BCOMP

NM BCOMP

NO!! Keyboard
Monitor

NO CCL! Keyboard
Monitor

NO DEFINE FILE FRTS

NO END STATEMENT FORT

NO FILES OF THE FORM FOTP
xxxx

NO /I

NO /I!

BITMAP

ABSLDR

Number error. A number out
of range was specified or an
8 or 9 occurred in octal
radix.

EPIC read block n2 of the
file when it was expecting
block nl of the file. EPIC
halts with AC+7777 to al-

low the user to reposition
the paper tape.

EPIC read a block of tape
for the file NAME2 when it

was expecting a block of the
file NAME1. .-

NEXT statement without cor-
responding FOR statement.

Line number missing after

GOTO, GOSUB, or THEN.

The user attempted to start

(with .ST) a program which
cannot be started.

CCL.SV is not present on the
system device or an I/O error
occurred on the file. Refer to
the Getting occurred while
trying to read On Line section
of Chapter 1 for instructions
on loading programs onto the
system device.

Direct access I/O attempted
without a DEFINE FILE
statement.

The input to the compiler has
been exhausted.

No files of the form (xxxx)
specified were found on the
current input device group:

Cannot produce a bitmap of
an image file.

Use of /I is prohibited at this

point.
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NO INPUT

vin TXTTlTFT T7TT r?

NO MAIN

NO OUTPUT FILE

?N0 ROOM

NO ROOM FOR OUTPUT
FILE

NO ROOM IN (file name)
—CONTINUING

NO ROOM, SKIPPING
(filename)

NO SUCH DEVICE

ABSJLDK
BITMAP

MPPTP

LOADER

NO NUMERIC SWITCH FRTS

MCPIP

BUILD

NO ROOM FOR OUTPUT FORT

DIRECT
PIP

PIP

FOTP

PIP 10

% NON SYSTEM DEVICE RESORC

NOT A LOADER IMAGE FRTS

% NOT A SYSTEM HEAD RESORC

No input of biiiaiy' me was

found on the designated de-

vice.

No input file was specified

when one was required.

No RALF module contained

section #MAIN.

The referenced FORTRAN
I/O unit was not specified to

the run-time system.

No output file was specified

when one was required.

Too many device handlers

were present on the system

when a LOAD or BUILD
command was typed. The

UNLOAD command must be

used to remove a handler be-

fore another can be loaded.

The file FORTRN.TM can-

not fit on the system device.

Either room on device or

room in directory is lacking.

Occurs during use of the /S

option. The output device

cannot contain all of the files

nn the in^ut device.

No space is available on the

output device to perform the

transfer. Predeletion may al-

ready have occurred.

Device name used is not legal

in this OS/ 8 system.

The input device specified in

a RESORC command line is

not an OS/ 8 system device.

The first input file specified

to the run-time system was

not a loader image file.

The filename specified is not

a system-head file.
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name NOT AVAILABLE Keyboard
Monitor

NOT ENOUGH CORE

name NOT FOUND

file NOT FOUND

NOT OS8 FILE

NOTPDP-10 FILE

.? NUMBER TOO BIG

OE

OF

OP

OS/ 8 ENTER ERROR

CCL

BUILD
CCL
Command
Decoder

""

Keyboard
Monitor

MCPIP

PIP10

PDP10

CAMP

BRTS

BCOMP

F4

F4

Loader

E-27

The device with the name
given is not listed in any sys-

tem table, or it is not avail-

able for use at the moment,
or the user tried to obtain in-

put from an output-only de-

vice.

The number specified in a
CORE command is larger

than the number of 4K core

banks on the system.

The device or file name desig-

nated in the command was
not found.

The file specified cannot be

found.

The output device specified

with a /L or /F option was
not an OS/ 8 device or file.

The output device specified

with a /Z option was not a

DECsystem-10 tape, or the

input device specified with a

/L or /F option was not a

DECsystem-10 tape.

The "nnnn" specified in a

BACKSPACE or SKIP com-
mand is greater than 4095.

Driver error while overlay-

ing. Caused by SYS device

hardware error.

Output file error.

Error writing output file.

Control returns to the Key-
board Monitor.

Illegal operator.

Fatal error message indi-

cating that an error was de-

tected by OS/ 8 while trying

to perform a USR function.



Message Program Explanation

err

OUT DEV FULL

OUT-IN

?OUTPUT DEVICE FULL RESORC

OUTPUT DEVICE FULL MCPIP

70UTPUT DEVICE IS

READ ONLY

70UTPUT ERROR

OUTPUT ERROR

OUTPUT FILE OPEN
ERROR

OV

OVER CORE

OVER IMAG

OVER SYMB

OVERFLOW

F4 Type/operator use illegal

(e.g., A.AND.B where A
and/or B not typed Log-

ical).

CREF The output device is full (di-

rectory devices only).

MCPIP Both the input and the out-

put devices were specified as

the same cassette or mag-
netic tape drive.

The output device specified

does not have enough room
to copy the RESORC file.

Either room on device or

room in the directory is lack-

ing.

RESORC The output device specified is

a read-only device; e.g., PTR.

RESORC An error occurred while at-

tempting to output during a

RESORC operation.

MCPIP Output error—possibly a

WRITE-LOCKed device, par-

ity error, or attempt to out-

put to a read-only device.

PIP 10 The output file could not be

opened. Check output direc-

tory to ensure that enough

space exists on the device.

BRTS Numeric or input overflow.

Loader The loader image requires

more than 32K of core mem-
ory.

Loader Output file overflows in the

loader image file.

Loader Symbol table overflow. More
than 253 (decimal) symbols

in one FORTRAN job.

FRTS Result of a computation ex-

ceeds upper bound for that

class of variable. The result
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is set equal to zero and exe-
cution continues. This error

is detected only if an FPP is

present.

OVERLAY ERROR FRTS Error while reading overlay.

OVFL FORT
Library

Floating point overflow; very
large number is returned.

PA

PARENS TOO DEEP

PARITY ERROR

BRTS

FRTS

EPIC

PD BCOMP

PE

PH

F4

PAL8

F4

PAL8

PIP 10 CANNOT BE
CHAINED

?PLAT

PIP 10

BUILD
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Illegal argument in POS func-

tion.

Parens nested too deeply in

FORMAT statement.

EPIC failed to

correctly; e.g.,

dropped some
halts with AC:
low the user

the tape so that

read again.

read a block

the reader

bits. EPIC
=7777 to al-

to reposition

it can try the

Pushdown stack overflow.

Result of either too com-
plex a statement (or state-

ments) or too many nested

FOR-NEXT loops.

Compiler stack overflow;
statement too big and/or too
many nested loops.

Current non-zero page ex-

ceeded—an attempt was made
to:

Bad program header line.

Phase error—a conditional

assembly bracket is still in

effect at the end of the in-

put stream—this is caused by
nonmatching < and > char-
acters in the source.

Self-explanatory.

The =n in a SYS command
is too large for the device
specified; e.g., RF08=5.



Message Program Explanation

PTT iP

PREMATURE END OF PIP

FILE, FILE #n

PTR:name IS TOO BIG EPIC
FOR dev:

QL

QS

RD

F4

BCOMP

F4

F4

PAL8

RE BRTS

RALF

RECORD SIZE TOO BIG MCPIP

RT

RW

F4

F4

PaoA rwr&rftrwxr T i+*»T*a1c 9 Tin

instructions have been over-

lapped.

Message occurs in Binary

Mode (/B) only. A physical

end-of-file has been found be-

fore the final leader/ trailer.

The paper tape file name will ,

not fit on the specified output

device DEV:. EPIC aborts

the command and returns to

the Command Decoder. EPIC
makes the check for size be-

fore writing on the output de-

vice.

Nesting error in EQUIVA-
LENCE statement.

String literal too long or does

not end in quote.

Syntax error in EQUIVA-
LENCE statement.

Attempt to redefine the di-

mensions of a variable.

Redefinition— a permanent

symbol has been defined with

=. The new and old defini-

tions do not match. The re-

definition is allowed.

Attempt to read past end of

file (NF).

Relocatability error. A relo-

catable expression has been

used in context requiring an

absolute expression.

The output record size speci-

fied is greater than 1000 or

an output record size is 0.

Attempt to redefine the type

of variable.

Syntax error on READ/
WRITE statement.
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SABR

SABR.SV NOT FOUND

SAVE ERROR

SC

SE

FORT

Keyboard
Monitor

BRTS

PAL8

SF F4

Either the symbol table has
overflowed, common storage

has been exhausted, more
than 64 different user-defined

symbols occurred in a core

page, or more than 64 ex-

ternal symbols have been de-

clared. Could also indicate a
system error such as over-

flowed output file.

The SABR assembler is not

present on the system device.

An I/O error has occurred
while saving the program.
The program remains intact

in core.

String too long (greater than
72 characters) after concate-

nating.

Symbol table extended—too

many, symbols have been de-

fined for the amount of mem-
ory available. Fatal error

—

assembly cannot continue.

Bad arithmetic statement

function.

SL BRTS String too long or undefined.

SN F4 Illegal subroutine name in

CALL.

SORRY—NO PIP 1. fC (CTRL/C) is typed
INTERRUPTIONS while compressing a file

onto itself; . the transfer

continues.

2. A /Y transfer is done with

system device as the out-

put, or if the transfer has
both input and output on
the same device.

#SPOOL TO FILE
BTCHA1

BATCH Where the "A" may be any
character of the alphabet and
the "1" may be any decimal
digit. This message indicates

that BATCH has intercepted

E-31



Message Program Explanation

SQRT

SR

SS

ST

ST

ST

SU

SUBR. OR FUNCT. STMT. FORT
NOT FIRST

% SUPERSEDED

a nOii-iuc StiUCtUiCu GUipUi

file and rerouted it to the

spool device. This is not, gen-

erally, an error condition.

FORT Attempt to take square root

Library of negative number; absolute

value used.

BRTS Attempt to read string from

numeric file.

BCOMP Subscript or function argu-

ment error.

F4 Error in subscript expres-

sion; i.e., wrong number,

syntax.

BCOMP Symbol table overflow due to

too many variables, line

number, or literals. Combine
lines using backslash (/) to

condense program.

String truncation on input.

Stores maximum length al-

lowed (NF).

Compiler symbol table full,

program too big. Causes an

immediate return to the Key-

board Monitor.

User symbol table overflow

(fatal error).

Subscript out of DIM state-

ment range.

Self-explanatory.

BRTS

F4

FLAP
RALF

BRTS

CCL The file specified in a MAKE
command already exists. This

is a warning message indi-

cating that the file is being

replaced.

SW

SWITCH NOT ALLOWED
HERE

BRTS Attempt to write string into

numeric file.

CCL Either a CCL option was
specified on the left side of
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SY BCOMP

F4

SYM OVERFLOW

SYMBOL TABLE
EXCEEDED

7SYNTAX

7SYNTAX ERROR

CREF

FORT

BUILD

CAMP

SYNTAX ERROR

?SYS

FORT
PIP 10

BUILD

the < or was used when riot

allowed.

System incomplete. System

files such as BASIC.SV,
BCOMP.SV, and BRTS.SV
missing.

System errOr; i.e., PASS20.
SV or PASS2.SV missing, or

no room for output file.

Causes an immediate return

to the Keyboard Monitor.

More than 896 (decimal)

symbols and literals were

encountered.

Self-explanatory.

An illegal character was
typed in a BUILD command
line. The line must be re-

typed.

An illegal character was typed

in a CAMP command or a

command was formatted in-

correctly. The command must
be retyped.

Invalid command line.

This message appears when
one of the following condi-

tions exists:

a. A permanent name in a

SYS command was not a

system handler or co-

resident with one.

b. A BOOT command was
issued when two system

handlers were active.

c. A BOOT command was
issued with a active han-

dler which must be co-

resident with a SYS han-

dler did not have the
* system handler active.
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7f O I O E<J\.JN.V/JV

5V5 FPPHP

/\ Hardware prooiem pre-

vented BATCH from per-

forming an I/O operation.

RTTTT 1"*\ An T / C\ <*T-r*-vf r\^w*-r-fc*A urtfo
Jurw R, fc-/ tt^ X JUL* A/ \_X V11U1 V/VVUX 1VU T* * I,**-

a system handler. The com-
puter halts. Press CONT to

retry or restart the BUILD
procedure from the begin-

ning. Do not assume that a

valid OS/ 8 system remains in

core.

SYS NOT FOUND BUILD No active handler with the

name SYS was present when
a BOOTSTRAP command
was issued.

SYSTEM DEVICE ERROR FRTS I/O failure on the system

device.

SYSTEM ERR Keyboard An error occurred while do-

Monitor ing I/O to the system device.

The system should be re-

started at 7600 or 7605. Do
not press CONTinue as this

is sure to cause further

errors.

SYSTEM ERROR Loader Fatal error message indicat-

ing that an error was de-

tected by OS/ 8 while trying

to nprfnrm a TTSR fnnrtinn

SYSTEM ERROR- FOTP
CLOSING FILE

TB BCOMP

TD BCOMP

F4

Self-explanatory.

Program too big. Condense
or CHAIN.

Too much data in program.

Bad syntax in type declara-

tion statement.

THERE IS NO HOPE-
THERE IS NO TTY
HANDLER IN YOUR
SYSTEM!

DIRECT A command was issued to

print a directory on the ter-

minal when no TTY handler

is present on the OS/ 8 sys-

tem. Use BUILD to insert a
TTY handler in the system.
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Message Program

TOO FEW ARGS

TOO MANY FILES

TOO MANY FILES

TOO MANY FILES

Explanation

Keyboard
Monitor

CCL

Command
Decoder

MCPIP

TOO MANY HANDLERS FRTS

TOO MANY LEVELS

TOO MANY OVERLAYS

TOO MANY RALF FILES

TS

?TTY DOES NOT EXIST

Loader

Loader

Loader

BCOMP

RESORC

U

UD

UF

UNDF

SABR

BCOMP

BCOMP

SABR
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An important argument has
been omitted from a com-
mand.

Too many files were included
in a CCL command.

More than three output files

or nine input files were spec-
ified. Some programs may
restrict the user to fewer files.

More than 1 output device
was specified or more than 1

input device was specified.

Too many I/O device han-
dlers are resident in memory,
or files have been defined on
too many devices.

The option was specified

more than 7 times.

More than 16 overlays were
defined in the current level.

More than 128 input files

were specified.

Too many total characters in

the string literals.

An output device was not
specified in the RESORC
command line and the TTY
handler does not exist on the
OS/ 8 system. See the BUILD
section of Chapter 2 for in-

structions on inserting TTY
handlers.

No symbol table is being pro-
duced, but there is at least
one undefined symbol in the
program.

Error in UDEF statement.

FOR loop without corre-
sponding NEXT statement.

Undefined symbol; printed in
the symbol table listing.



Message Program Explanation

UNIT EKKUK

\J\J

US

T>AT 8

BCOMP
F4

FLAP
RALF
PAL8

USE PIP FOR NON-FILE FOTP
STRUCTURED DEVICE

USER ERROR FRTS

USER ERROR AT xxxx Keyboard
Monitor

USER ERROR 1 AT xxxx FORT
Library

USR n dev:name EPIC

UU BCOMP
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capable of executing the re-

quested operation.

Undefined origin—an unde-

fined symbol has occurred in

an origin statement.

Undefined statement number.

Undefined symbol in an ex-

pression.

An input device specified is

not a file-structured device;

e.g., PTR.

Illegal subroutine call, or

call to undefined subroutine.

Execution continues only if

the E option was requested.

An input error was detected

while loading the program,

xxxx refers to the Monitor

location where the error was

generated.

The user tried to reference

an entry point of a program

which was not loaded, or he

failed to define a subscripted

variable in a DIMENSION
statement, xxxx has no mean-

ing.

The USR encountered an

error while attempting to

perform a fetch, lookup, en-

ter or close on the file

name on device dev. n=l
is a fetch, n=2 is lookup,

n=3 is enter, n=4 is close.

EPIC aborts the command
and returns to the Command
Decoder.

Incorrect or missing array

designator in USE statement.
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VE

VR

WE

XC

xs

ZE

ZERO SYS?

F4

BRTS

BRTS

WRONG OS/8 MONITOR BATCH

BCOMP

RALF

PAL8

PIP

Version error. One of the
compiler programs is absent
from SYS: or is present in

the wrong version.

Attempt to read variable
length file.

Attempt to write past end of
file (NF).

OS/8 BATCH requires an
OS/ 8 Monitor no older than
version 3.

Extra characters after the
logical end of line.

External symbol table over-
flow. Control returns to the
OS/ 8 Keyboard Monitor.

Page exceeded—same as
PE except with reference to
page 0.

If any attempt is made to
zero the system device direc-

tory, this message occurs. Re-
sponding with Y causes the
directory to be zeroed; any
other character aborts the
operation.
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OS/8

file name extensions

This appendix lists the file name extensions used in OS/8.

Extension Meaning

.BA BASIC source file (default extension for a BASIC input

file).

.BI Batch input file.

.BK Backup ASCII file (default extension for a TECO output

file).

.BN Absolute binary file (default extension for ABSLDR,
BUILD, and BITMAP input files; also used as default ex-

tension for PAL8 binary output file)

.

.DA Data file.

.DC Documentation file.

.DI Directory listing.

.FT FORTRAN language source file (default extension for

FORT input files).

.HL Help file (default extension for HELP input files).

.LD F4 load mode (default assumed by run-time system, F4
loader)

.

.LS Assembly listing output file (default extension for PAL8
andSABR).

.MA Macro' source file.

.MP File containing a loading map (used by the Linking
Loader).

.PA PAL8 source file.

.RA RALF assembly language file.
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.RB Relocatable binary source file.

.RL Relocatable binary file (default extension for a Linking

Loader input file; also used as the default extension for an

8KSABR output file).

.SB 8K SABR source file.

.SV Core image file or SAVE file; appended to a file name by

the R, RUN, SAVE, and GET Keyboard Monitor com-

mands.

.SY System head.

.TE TECO macro file (default extension for a MUNG input

file).

.TM Temporary file generated by FORTRAN or SABR for

system use (default extension for CREF input files and

PAL8 output files).

.TX Text files.
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os/8 device handlers

The device handlers supplied with the OS/8 system have cer-

tain operating characteristics which the user should understand.

Most of these are extremely simple and require no action by the

,user. Some device handlers perform additional operations for the

user when I/O is being performed on a given device. This appen-
dix gives a brief description of the OS/8 device handlers. See the

OS/8 Software Su,pport Manual (DEC-S8-OSSMB-A-D) for more
detailed information concerning device handlers.

HIGH-SPEED READER/PUNCH
The device handler for the high-speed paper tape reader, before

reading a tape, prints an uparrow ( t ) and waits for the user to

type any single character at the keyboard. This gives the user time
to check the reader to ensure that the tape is loaded correctly, and
it facilitates reading multiple tapes, e.g., a PAL8 source tape must
be loaded three times for the three passes of the assembler. Char-
acters are read from the paper tape and packed into an input
buffer. The end of the paper tape or a full input buffer causes the
buffer to be made available to the user program. Typing CTRL/C
while the tape is moving causes a return to the Keyboard Monitor.
The handler for the high-speed paper tape punch unpacks char-

acters from the output buffer and punches them on paper tape.

Typing CTRL/C causes a return to the Keyboard Monitor. The
punch must be manually turned on before an attempt is made to

output to that device.

LOW-SPEED READER/PUNCH
In addition to the handler for the high-speed reader/punch, a

similar handler is available for the ASR-33 Teletype low-speed
reader/punch. This handler allows users not having high-speed
I/O to read and punch binary format tapes. (The standard TTY
handler cannot be used for binary format tapes, as the binary
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format can appear as control characters to the handler.) The oper-

ation of this handler is exactly the same as that for the high-speed

J /__ "U ^«^.«.**,+ +Vr»-f fUa nnorrAw ic nnt t^-rint/arl
rCtlUCl/ pUIlCll CAWCjJl Lliat tJU<w UpUllUTi in xxwv ^/lunvw.

TTY HANDLERS
Tl*«*.^ o»-o +vi7/-% TTV /^nncnlp tprminal^ handlers available: a

1-page handler and a 2-page handler. Both handlers perform I/O

transfers between the terminal keyboard and an input buffer, or

between an output buffer and the terminal.

The 1-page handler echoes all terminal input and performs a

line feed operation after any typed carriage return. A CTRL/O

typed while output is being printed terminates printing of the cur-

rent output buffer. A CTRL/C typed at any time during input or

output causes a return to the Keyboard Monitor. Typing CTRL/Z

as input terminates input and gives an end-of-file indication to the

calling program. The TTY handier should not be used to read

binary tapes from the low-speed reader.

The 2-page TTY handler may be used only to read or write

ASCII files; results are unpredictable with non-ASCII files. In

addition to the features included in the- 1-page handler, this han-

dler includes the use of the RUBOUT key to delete the previous

character and echo it either as a backslash (\) or as the character

rubbed out, the use of CTRL/U to delete the current line, and the

use of the TAB key to output the correct number of spaces to bring

the text to the start of the next tab stop.

The 2-page TTY handler also includes approximately 30 free lo-

cations so that the user may conuitionalize certain nonstandard

features. See the OS/8 Software Support Manual for a complete

list of these features.

LINE PRINTERS
The OS/ 8 line printer handler is a 1-page handler for the LP08,

LS8E, and LV8 line printers. This handler performs a form feed

operation before beginning an output task. The characters are un-

packed from the output buffer and printed. A form feed is also

produced following the completion of an output task. Typing

CTRL/C while the line printer is in operation causes a return to

the Keyboard Monitor. A CTRL/Z found in the output buffer

causes printing to terminate and a form feed to be produced. Tabs

and line overflow are handled; nulls are ignored.
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Relative location of this handler specifies the width of the line

printer. This location may be patched using the ALTER command
in BUILD. The location is set to the one's complement of the width

desired. Initially, this location is set to 7573 (octal) which cor-

responds to a 132-column printer. For example, to indicate an 80-

column printer, location should be set to 7657 (octal).

VR12 SCOPE
The VR12 scope handler for OS/8 (running on a PDP-12) dis-

plays characters on the VR12 scope on both channels. When the

scope is full, the handler stops reading characters from the buffer

and displays what is known as a scope page. The screen is con-

sidered full whenever the end of the buffer is reached, a CTRL/Z
is encountered in text, or when the number of lines displayed be-

come equal to the maximum number specified by the user. The
user can advance to the next scope page by typing any character,

other than CTRL/C.
When CTRL/C is typed, control returns to the Keyboard Mon-

itor. Control does not return to the calling program until a char-

acter is typed at a point when the handler is displaying the last

scope page of a particular buffer load.

To use the VR12 handler, the user sets the number of lines de-

sired in a single scope page via the switch register (right switches).

The switch register is set to the negative of the number of lines to

be displayed in a scope page. When text reaches the right margin

of the scope face, it is continued on the next physical line of the

scope.

A line feed or form feed character causes succeeding text to con-

tinue on the next physical line. Carriage return characters have no
effect on the display.

CARD READER
The device handler for the card reader reads cards in alpha-

numeric format from either a punched card reader or an optical

mark card reader. Card format can have up to 80 characters per

card; trailing blanks are deleted from each card. Blank cards cause

a carriage return/line feed to be entered into the data stream.

Typing CTRL/C while cards are being read terminates reading

and returns control to the Keyboard Monitor. Typing CTRL/Z
terminates further reading and performs as though an end-of-file

card was read. (An end-of-file card contains a <- character in
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column 1 (0-8-5 punch) with the remaining columns blank. Either

CTRL/Z or the end-of-file card is necessary to terminate reading.)

It is not possible to RUN or GET a program from the card reader

as these commands assume a directory device.

DECTAPES
Any DECtape other than the system device (if the system is a

DECtape system) can be interrupted with a CTRL/C, returning

control to the Keyboard Monitor. DECtape unit on a DECtape

system must never be WRITE LOCKed while operating OS/ 8.

MAGNETIC TAPE
The handler for magnetic tape reads and writes either 7- or 9-

channel magnetic tape with odd parity at 800 Dpi. This handler is

non-file structured but may be altered by the user to read and write

files. CTRL/C returns control to the Keyboard Monitor but its use

is not recommended since it leaves the tape without an end-of-file

indicator.

CASSETTES
The cassette handler performs character I/O transfer between

the cassettes and the buffer. It treats cassettes as non-file structured

devices. Data appears on cassette in 192-byte records. Typing

CTRL/C returns control to the Keyboard Monitor.

BATCH HANDLER
The OS/ 8 batch handler is used from a BATCH job to read

from the BATCH stream. This is a 1-page handler for read-only,

«/-**-» filo 0+1-11 r»+ii-rorl r1p.T7ir*oc Tf tVtic TiCJnrllAr ic nc£»H vi/llpn T^ATf^W
M.X\JM.X~XX±S^ JllUVlUlVVl WV*1WU. JLJL llllj UMllWlVl AW %-*fc_iw<w* t*^-»wa* -*_* x *-^ ^-s-a. jl.

is not running, it generates a fatal error. The BATCH handler

reads characters from the BATCH stream, ignoring line feeds, and

creating a line feed after a carriage return. When the handler

encounters a line beginning with a dollar sign, it pads the buffer

with CTRL/Z and nulls, and takes the end-of-file return.

DSK AND SYS
The DSK and SYS device handlers work automatically without

any user intervention.
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obtaining os/b

program
version numbers

When the user receives new OS/8 software or when he wishes

to report problems with the software, he must know the version

number of the OS/8 program in question. Most OS/8 system pro-

grams have version numbers that can be obtained by typing a

command to the OS/8 Command Decoder * or to the called pro-

gram. Some system programs print the version number at the

beginning of the output listing. The following table shows how to

obtain version numbers for most OS/8 system programs.

Program How to Obtain Version Number

ABSLDR
BASIC
BATCH
BITMAP
BOOT
BUILD
CAMP
CCL
Command Decoder
CREF
DIRECT
EDIT
EPIC
F4 Compiler

F4 Loader (LOAD)
FLAP
POTP
FRTS

Internal only.

Printed in program heading.

Type /V in BATCH command string.

Printed at top of output listing.

Type VE to the / printed by BOOT.
Type VE to the $ printed by BUILD.
Type VE to the # printed by CAMP.
Type VER to the Keyboard Monitor.

Internal only.

Printed at end of CREF output listing.

Type /W to the * printed by DIRECT.
Type # to the # printed by EDIT.
Internal only.

Printed in heading of output listing.

Printed in heading of loading map.
Printed in heading of output listing.

Type /W to the * printed by FOTP.
Type /V to the * printed by FRTS (to be

implemented later).
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Program How to Obtain Version Number

wr i i \ x -j. t'w •\TTDTt i_ *u- xr ~-A- _j "n>r_— :*„,.
jveyuuaiu iviuiiiiui x yPc vijjx. iu mc jvcyuuaiu iviuuuui.

MCPIP Type /V to the * printed by MCPIP.
ODT Internal only.

PAL8
*

Printed in heading of output listing.

PIP Type /V to the * printed by PIP.

PIP 10 Printed in heading of directory listing.

RALF Printed at heading of output listing.

RESORC Type /V to the * printed by RESORC.
SRCCOM Printed in heading of output listing.

TECO Type CTRL/V to the * printed by TECO.
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ABS function,

FORTRAN II, 7-41

FORTRAN IV, 8-46
SABR, 4-42

Absolute Binary Loader (ABSLDR),
1-21, 1-108

correct use, 1-112
error messages, 1-113
Options, 1-110, 1-111

Absolute relocation address, SABR,
4-49

Absolute value function, BASIC,
6-37

ABSYM pseudo-op, SABR, 4-20
A conversion (FORTRAN IV), 8-96
A/D converter, 6-124
Addition,
BASIC, 6-8

PAL8, 3-15

Addresses of operands, SABR,4-7
Addresses, PAL8, 3-9, 3-23
Addressing, FLAP/RALF

in FPP mode, 5-13
in PDP-8 mode, 5-6

Algebraic operations, FORTRAN
II, 7-12

ALOG function,

FORTRAN II, 7-41

FORTRAN IV, 8-48
SABR, 4-45

Alphabetic characters, SABR, 4-4

Alphabetizing with TECO, 2-172
Alphanumeric,

field specifications, FORTRAN II,

7-22, 7-24
information, BASIC, 6-46

Altmode character, TECO, 2-134
ALTMODE command, BASIC, 6-55
ALTMODE echo, 1-21

AND, Boolean (PALS), 3-16
AND group skip instructions, PAL8,

3-25
.AND. (logical operator), FOR-

TRAN IV, 8-74
Angle bracket (<), usage,
command decoder, 1-45

PAL8, 3-21, 3-30
Arctangent function,

BASIC, 6-39

FORTRAN IV, 8-49, 8-50, 8-55,
8-56

ARG pseudo-op, SABR, 4-25
Arguments,
dummy, FORTRAN II. 7-36
SABR, 4-25, 4-29

Arithmetic expressions,

FORTRAN II, 7-13
FORTRAN IV, 8-72

Arithmetic functions, BASIC, 6-34
Arithmetic operations,
BASIC, 6-6, 6-8

FLAP/RALF, 5-3

FORTRAN II, 7-42
PAL8, 3-14; 3-15
SABR, 4-41, 4-43

Arithmetic operators, TECO, 2-163
Arithmetic statements,

FORTRAN II, 7-16
FORTRAN IV, 8-77

Arrays,
BASIC, 6-31

BASIC string, 6-74
FORTRAN II,

FORTRAN IV, 8-71

SABR, 4-43, 4-48
Array specifications, FORTRAN IV,

8-107
Array symbol table, BASIC, 6-77
ASCII

character set, A-l
constants, SABR, 4-7 •

conversion, BASIC, 6-51
file format, BASIC, 6-95
source files, 1-78

stripped format, FORTRAN II,

7-24
text strings, SABR, 4-23

Assembler, FLAP/RALF—see
FLAP/RALF

Assembling RALF file (FORTRAN
IV), 8-5

Assembly error, RALF, 8-17
Assembly instructions,

BITMAP, 2-30
EPIC, 2-96
SRCCOM, 2-128
TECO, 2-183

Assembly language function, BASIC,
6-69, 6-97, 6-101, 6-102

Assembly, SABR

Index—
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control, 4-16

first pass, 4-54

page-by-page, 4-32
cit*fs\-nA «occ A-KA

Assembly termination PAL8, 3-38

ASSIGN command, keyboard mon-
itor, 1-35

Assignment statements,

BASIC, 6-15
FORTRAN IV, 8-76, 8-79

ASSIGN statement, FORTRAN IV,
8-78

Asterisk (*) usage,

ABSLDR response, 1-21

command decoder, 1-45, 2-6

TECO, 2-134

wild card in DIRECT, 2-77

wild card in FOTP, 2-97

@ construction, CCL, 1-56

ATAN function
FORTRAN II, 7-41

FORTRAN IV, 8-49

SABR, 4-44

ATAN, library subroutine, FOR-
TRAN n, 7-47

Autoindexing, PAL8, 3-26

Automatic paging mode, SABR,
4-33

B
Back-arrow (<-) character,

BASIC, 6-2, 6-55

Command decoder, 1-45

Background-foreground I/O FOR-
TRAN IV, 8-33

Backslash, keyboard monitor, 1-33,

1-34

BACKSPACE command, CCL, 1-57

BACKSPACE statement, FOR-
T^t» A XT T\r Q 1{\Cxrvrvit xt, o-ivu

Base page, FPP (FLAP/RALF),
5-13, 5-22

BASIC,
arithmetic, 6-6

arithmetic functions, 6-33

BRTS—See BASIC Run-Time
System

commands, 6-54
compile-time diagnostics, 6-115
debugging function, 6-42

exit, 6-4

files, 6-60
function summary, 6-113, 6-114
getting on the air, 6-148
LAB8/E—-see LAB8/E
optimizing system performance,

6-121
overview, 6-5

running, 6-1

run-time diagnostics, 6-117

statements, 6-11

statement summary, 6-109

strings, 6-46
subroutines 6-44
system build instructions, 6-118

BASIC Run Time System (BRTS),
6-69

assembly language function, 6-69,

O-JLUZ

buffer storage, 6-95

core layout, 6-7

1

data formats, 6-73

floating-point operations, 6-80

general considerations, 6-100
interfacing assembly language

function to BRTS, 6-97

I/O, 6-94
overlays, 6-72
passing arguments to the user

function, 6-91

subroutines, 6-85

symbol table structure, 6-76
system components, 6-70

BATCH, 2-1

demonstration program, 2-15
error messages, 2-9, 2-10, 2-11

input file, 2-1, 2-8

loading and saving, 2-21

monitor commands, 2-4

output file, 2-2

restrictions, 2-13

running from punched cards, 2-12
run-time options, 2-3

transferring software from cas-

sette, 2-21

Binary output control, PAL8, 3-31

Binary output tape, SABR, 4-49

BITMAP (binary tape) load, 1-23

BITMAP utility program, 2-26

assemb!v instructions 2-30
error messages, 2-30
hardware/software requirements,

2-26
loading, 2-26
options, 2-27
output, 2-29

BLOCK DATA statement,
FORTRAN II, 7-44

FORTRAN IV, 8-119

Block number, FORTRAN II, 7-45

BLOCK pseudo-op, SABR, 4-22

Boolean AND, PAL8, 3-16

Boolean inclusive OR, PAL8, 3-15

BOOT (binary tape) load, 1-25

BOOT command, CCL, 1-58

BOOT (bootstrap utility program),
2-32

mnemonics, 2-33

Bootstraps,

DF32 disk, 1-26

Index—
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for cassette, 1-10 through 1-15

LINCtape for PDP-12 systems,
1-9

MI8-E, 1-2, 1-10

RF08, disk, 1-26

RK8 disk, 1-28

RK8E disk, 1-26, 1-27

TC01/TC08, 1-3

TD8E, 1-4

Bracket ( [ ) used in PDP-8 expres-
sion (FLAP), 5-15

Branching commands, TECO, 2-157
Breakpoints, 1-115

BRTS—See BASIC Run-Time Sys-
tem

Buffer pointer, TECO, 2-133
manipulation commands, 2-147

Buffer space, BASIC, 6-95

BUILD, (system generation pro-
gram, 1-10 through 1-19, 2-34

cassette device handlers, 2-36
commands, 2-40
DECtape device handlers, 2-35
device handler format, 2-56
device handlers, 2-34
editing characters, 2-39
error messages, 2-55, 2-56
OS/8 device handlers, 2-38
paper tape device handlers, 2-37

Building BASIC system, 6-119
Building OS/8
from cassette, 1-10
from paper tape, 1-17

BYE command, BASIC, 6-60

Calling,

ABSLDR, 1-108
BASIC, 6-1

BATCH, 2-2

BUILD, 2-38
CREF, 2-69
Editor, 1-78

FOTP, 2-97
MCPIP, 2-110
ODT, 1-114
OS/8 and device handlers, 4-60
PAL8, 3-1

PIP, 1-97

PIP10, 2-116
RESORC, 2-121
TECO, 2-133

Calling relationships, FORLIB, 8-44
Calling sequence, FORTRAN IV

loader routines, 8-21

CALL (pseudo-op), SABR, 4-25-

CALL statement,

FORTRAN n, 7-39
FORTRAN IV, 8-118

CALL subroutine, FORTRAN IV,
8-22

CALL OPEN statement, FOR-
TRAN II, 7-33

CAMP (Cassette and Magnetic Tape
Positioner program),

commands, 2-62
error messages, 2-67
load, 1-25

Carriage control (FORTRAN IV),
8-97, 8-98, 8-99

Cassette and Magnetic Tape Posi-
tioner—see CAMP

Cassette
file names, 2-110, 2-113
software, 1-10, 2-21
system BUILD, 2-36
system load, 1-15

transfer program, 2-110
CCY (Concise Command Lan-

guage), 1-52

commands, 1-52, 1-58

error messages, 1-75

file names, nonstandard, 1-57

indirect commands, 1-56

load, 1-24

options, 1-54

source file, 1-16
wildcard construction, 1-55

CDF current,*SABR, 4-51
CDFSKP Linkage routine, SABR,

4-35
CDZSKP Linkage routine, SABR,

4-35
Chaining
FORTRAN II, 7-42, 7-51
FORTRAN IV, 8-6

CHAIN STATEMENT, BASIC,
6-68

CHAIN subroutine, SABR, 4-47
Changing the numeric conversion

mode, SABR, 4-17
Character deletion,

BASIC, 6-2, 6-55
keyboard monitor, 1-33, 1-34

Characters,
ASCII A-l
BASIC format control, 6-18
FORTRAN II, 7-8

ODT special, 1-115
PAL8, 3-5

PAL8 special, 3-18
SABR, 4-4

Symbolic Editor special, 1-81,
1-82

TECO, 2-133, 2-142
Character search, Symbolic Editor,

1-83

Character string search, Symbolic
Editor, 1-84

Index—
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Checksum, SABR, 4-49, 4-53

CHR$ function, BASIC. 6-51

CHS subprogram, SABR, 4-41
'irKXTTn „..u„«.,*:„„ OADD A.AC
V^XVIV/ 9UU1UUUUC, u^TLiJXV, -r—ru
CLEAR, subprogram, SABR, 4-42

Clock function. LAB8/E, 6-131

CLOCK subroutine FUNCTN argu-

ments, FORTRAN IV, 8-52

Clock wait function, LAB8/li, 1-32

CLOSE# statement, BASIC, 6-64

Closed subroutines, FORTRAN II,

7-35
Codes,
ASCII character, A-l
leader/trailer, SABR, 4-49

Loader relocation, SABR, 4-49

numeric field, FORTRAN II,

7-22

Coding form, FORTRAN IV, 8-66

Coding practices, PALS, 3-36

Comma used as. separator in com-
mand decoder, 1-45

Command Decoder. 1-45

called from BATCH, 2-5

error messages, 1-51

examples, 1-48

file specifications, 1-46

input string, 1-45

I/O specification options, 1-49

Command format, editing (EPIC),
2-88

Command loops, TECO, 2-155

Command mode, Editor, 1-80

Commands,
BASIC editing and control, 6-54

BUILD, 2-40
CAMP, 2-62

CCL, 1-52

EPIC, 2-88, 2-89, 2-90

jvty uuai vi JUiVfiiiLWi- 9 jl~->~>

ODT, 1-115

Plotter, 8-129 through 8-142

special keyboard commands to

Editor, 1-80, 1-81

TECO, 2-132, 2-136 through
2-151, 2-157, 2-158, 2-179

through 2-182
Command string examples, Com-

mand Decoder, 1-48

Command string format, BATCH,
2-3

Command summary, ODT, 1-122,

1-123
Symbolic Editor, 1-92 through

1-97

Comments,
FLAP/TALF, 5-3

FORTRAN II, 7-15

FORTRAN IV, 8-67

PAL8, 3-7

SABR. 4-10

TECO, 2-165
COMMON statement,
FORTRAN II, 7-34
FORTRAN IV,' 8-108, 8-111

Common storage, SABR, 4-21

COMMON pseudo-op, SABR, 4-21

COMPARE command,
CCL, 1-58

EPIC, 2-92
Compatability, DECsystem 10 files,

2-116

Compilation of FORTRAN IV
source file, 8-3

COMPILE command, CCL, 1-59

Compile time diagnostics, BASIC,
6-115,6-116

Compiler, FORTRAN II

error messages, 7-54

loading and operating, 7-1

suppressing output, 7-5

Compiler, FORTRAN IV, 8-9

run time options, 8-12

error messages, 8-14, 8-15

Complex constants, FORTRAN IV,

8-69
Computed GOTO.
FORTRAN II, 7-30
FORTRAN IV, 8-81

Conditional assembly pseudo-opera-
tors, PAL8, 3-30

Conditional delimiters, PAL8, 3-21

Conditional execution commands,
TECO, 2-158, 2-159

Conditional pseudo-op, SABR, 4-19

Conserving storage space, FOR-
TRAN II, 7-35

Console terminal as I/O device,

FORTRAN IV, 8-37

Constants
^IbASIC string, 6-46

FORTRAN II, 7-8, 7-9, 7-53

FORTRAN IV, 8-67

SABR, 4-7

Continuation lines, FORTRAN IV,
8-67

CONTINUE statement,

FORTRAN II, 7-32

FORTRAN IV, 8-86

Control characters, FORTRAN II,

7-21, 7-26
Control statements, BASIC, 6-25

FORTRAN II, 7-29

FORTRAN IV, 8-80

Conversion,
BASIC string, 6-51, 6-52

FORTRAN H Hollerith, 7-26
SABR numeric, 4-8, 4-17

COPY command, CCL, 1-60

CORE command, CCL, 1-61

Index—
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Core image files, 1-37
BASIC, 6-66

Core layout, BASIC, 6-71
Corrections, keyboard monitor, 1-34
COS function, -

FORTRAN II, 7-41
FORTRAN IV, 8-54

Cosine function, BASIC, 6-39
CPAGE pseudo-op, SABR, 4-18
CREATE command, CCL, 1-62
CREF (binary tape) load, 1-22
CREF command, CCL, 1-62
Cross-Reference Program (CREF),

2-69
error messages, 2-76
options, 2-69
output, 2-72
pseudo-op handling, 2-71
restrictions, 2-73

CTRL/C
BATCH, 2-6

FOTP, 2-103
TECO, 2-141

CTRL keys, keyboard monitor, 1-34
CTRL/P (FOTP), 2-103
CTRL/TAB, FORTRAN II, 7-14
CTRL/U, 6-55
Current location counter, PAL8, 3-5,

3-10, 3-19
Current location, ODT, 1-121

D
DAT$ function, BASIC, 6-54
Data,

blocks, FORTRAN II, 7-44
files, FORTRAN II, 7-7
formats, BASIC, 6-73
generation, SABR, 4-22
reference instructions, FLAP/
RALF, 5-7, 5-14

specification, FLAP, 5-16 .

statement, BASIC, 6-22
statement, FORTRAN II, 7-17
statement, FORTRAN IV, 8-112
transfer—see Peripheral Inter-

change Program
transmission specification, FOR-
TRAN II, 7-21

transmission statement, FOR-
TRAN IV, 8-88

word, SABR, 4-7, 4-49
DATE command,
CCL, 1-62

keyboard monitor, 1-42
Dates, file creation, 1-105
D (decimal) conversion, SABR, 4-8
DEASSIGN command,
CCL, 1-63

keyboard monitor, 1-36

Debugging function, BASIC, 6-42
Decimal format, BASIC, 6-6
DECIM pseudo-op, SABR, 4-7, 4-17
DECsystem-10 file compatibility,

2-116
DECsystem-10 file names, 2-117
DECsystem-10 TECO versus OS/8

TECO, 2-178
DECtape bootstrap, 1-3

TC01/TC08, 1-3

TD8E, 1-4

DECtape file for BATCH input, 2-1
DECtape format, SABR, 4-48
DECtape I/O routines,

FORTRAN II, 7-44
SABR, 4-48

DECtape systems, BUILD, 2-35
DECtape systems software, 1-1

DEFINE FILE statement, FOR-
TRAN IV, 8-100

Definition of symbols, SABR, 4-20
DEF statement, BASIC, 6-39
Delay function, LAB8/E, 6-128
DELETE command, CCL, 1-63
Deleting TECO commands, 2-166
Deletion commands, TECO, 2-149
Deletion of characters,
BASIC, 6-2, 6-55
keyboard monitor, 1-33, 1-34

Delimiters, PAL8 conditional, 3-21
Demonstration program,
BATCH, 2-15
OS/8, D-l

Descriptor block, BUILD, 2-57
Device codes for paper tape, EPIC,

2-87
Device Control Block (DCB) word,

BUILD, 2-59
Device control statements, FOR-

TRAN IV, 8-106
Device designations, FORTRAN II,

7-17, 7-20
Device driver storage, BASIC, 6-96
Device entry points, 2-60
Device handler assignment, FOR-

TRAN IV, 8-33
Device handler format, BUILD, 2-

57
Device handlers, OS/8, 2-34, 2-38.

8-36, G-l
cassette, 2-36
DECtape, 2-35
LINCtape, 2-35
papertape, 2-37

Device handlers, RESORC, 2-121
2-125

Device handlers, OS/8 USR (SABR),
4-60

Device independent I/O and chain-
ing,

Index—
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FORTRAN II, 7-42

SABR, 4-47

Device mnemonics, BOOT, 2-33

assignment of, 1-35

deassignment of, 1-36

for cassettes, 2-110, 2-113

keyboard monitor, 1-30, 1-31

DEVICE pseudo-ops, OS/8, 3-32

Device specifications, FORTRAN
IV, 8-33

Device types, RESORC, 2-123

DF32 disks, 1-26

Diagnostics, BASIC,
compile time, 6-115, 6-116

run-time, 6-116, 6-117, 6-118

Dimensioning strings, BASIC, 6-46

DIMENSION statement,

FORTRAN II, 7-11, 7-34, 7-36

FORTRAN IV, 8-107

DIM statement, BASIC, 6-31

Direct assignment statements, PAL8,
3-12

DIRECT binary tape load, 1-24

DIRECT command, CCL, 1-64

Direction of program flow, SABR,
4-24

DIRECT utility program, 2-77

error messages, 2-81, 2-82

examples, 2-79

options, 2-78

wild card construction, 2-77

Disk as system device, 1-25

Disk file for BATCH input, 2-1

Display function, LAB8/E, 6-129

Distribution,

OS/8, 1-1

OS/8 BASIC, 6-119

DIV, SABR, 4-43

JU*JL ¥ iOJLV/ilj

BASIC, 6-8

PAL8, 3-15

DK8-ES real-time clock, 6-124

DO loops, implied, FORTRAN II,

7-18

DO statement,

FORTRAN II, 7-30, 7-31

FORTRAN IV, 8-83

Dollar sign ($),

ALTMODE echo, 1-21

BATCH usage, 2-4, 2-5

BUILD response, 1-12

PAL8 usage, 3-21

DOT (.) character,

monitor response, 1-3

PAL8, 3-19

Double precision constants, FOR-
TRAN IV, 8-69

Double quote (") character,

PAL8, 3-19

SABR, 4-7

DR8-EA, 6-124
DTORG pseudo-op, PAL8, 3-32

Dummv arguments,
FORTRAN II, 7-36

FORTRAN IV, 8-116

DUMMY pseudo-op, SABR, 4-29

Dummy statement, FORTRAN II,

n it

Dummy variables, SABR, 4-12

DUMSUB Linkage routine, SABR,
4-36

EAP pseudo-op, SABR, 4-17

EDIT commands, CCL, 1-64

EDIT editing program, 8-1

EDIT (Editor binary tape) load, 1-

22
Editing characters, BUILD, 2-39

Editing commands, EPIC, 2-88

Editor bypass, BASIC, 6-121

Edit, Punch and Compare (EPIC)

utility program—see EPIC
EJECT pseudo-op, PAL8, 3-31

END FILE statement, FORTRAN
IV, 8-107

End of file, PAL8, 3-29

End-of-tape punch, EPIC, 2-86

END pseudo-op, SABR, 4-16

END statement,

BASIC, 6-14

FORTRAN II, 7-33, 7-36

FORTRAN IV, 8-88

Entry point offset, BUILD, 2-60

Entry point, SABR, 4-27

ENTRY statement, SABR, 4-27

EOF command, CCL, 1-65

EPIC (binary tape) load, 1-23

EPIC (Edit, Punch and Compare)
utility program, 2-83

assembly instructions, 2-95

command format, 2-84

compare commands, 2-91, 2-92

editing commands, 2-88 through

2-90
error conditions, 2-86

error messages, 2-93, 2-94

initial command format, 2-88

loading, 2-83

loading from paper tape, 2-95

low-speed I/O, 2-86

options, paper tape, 2-84

paper tape format, 2-95

restart, 2-84

.EQ. (relational operator), FOR-
TRAN IV, 8-75

Equal sign (=)
arithmetic statements, 8-78

command decoder, 1-50
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EQUIVALENCE statement,

FORTRAN II, 7-35

FORTRAN IV, 8-110, 8-111

Equivalent symbols, SABR, 4-10

.EQV. (logical operator), FOR-
TRAN IV, 8-75

Error codes, PAL8, 3-39, 3-40, 3-41

Error conditions,

EPIC, 2-86

FRTS, 8-37

ODT, 1-122

Error messages,
ABSLDR, 1-113

BATCH, 2-10, 2-11, 2-12

BITMAP, 2-30

BUILD, 2-55

CAMP, 2-67

CCL, 1-75, 1-76, 1-77

Command Decoder, L-51

CREF, 2-76

DIRECT, 2-81, 2-82

Editor, 1-89

EPIC, 2-93, 2-94
FLAP/RALF, 5-37, 5-38, 5-39

FORTRAN II, 7-54, 7-55

FOTP, 2-108
FRTS, 8-38, 8-39, 8-40

FORTRAN IV compiler, 8-13, 8-

14, 8-15

FORTRAN IV loader, 8-29, 8-30

keyboard monitor, 1-42, 1-43, 1-44

Linking Loader (SABR), 4-67

MCPIP, 2-113, 2-114, 2-115

PIP, 1-106 through 1-108

PIP10, 2-119, 2-120
RALF assembler, 8-20

RESORC, 2-127
SABR, 4-46, 4-60

SABR library, 4-71

SRCCOM, 2-131

TD8E initialization, 1-6

TECO, 2-166, 2-184

Error message summary, OS/8, E-l

ERROR routine, SABR, 4-46

Errors in FORTRAN IV system
programs, 8-6

Errors in typing, BASIC, 6-2, 6-55

EXECUTIVE command, CCL, 1-65

Executing RALF file (FORTRAN
IV), 8-5 •

Exiting BASIC, 6-4

Exit, normal, FORTRAN II, 7-31,

7-54
EXIT subroutine,

FORTRAN II, 7-44

SABR, 4-46

Exit TECO, 2-141
EXP function,

FORTRAN II, 7-41

SABR, 4-45

Exponential format, BASIC, 6-7

Exponential function, BASIC, 6-39

Exponentiation, BASIC, 6-8; 6-11

SABR, 4-45

Expressions,
FLAP/RALF, 5-2

FORTRAN H, 7-12, 7-13

FORTRAN IV, 8-72

PAL8, 3-14

EXPUNGE pseudo-op PAL&, 3-34

Extended memory, PAL8, 3-27

Extension for BATCH input file, 2-3

Extensions, CCL compiler-assem-

bler, 1-59

Extensions to file names, keyboard
monitor, 1-32

External
subprograms, FORTRAN II, 7-35

subroutines, SABR, 4-25

symbol definition, SABR, 4-50

Externals, SABR, 4-21

EXTERNAL statement, FORTRAN
IV, 8-120

External symbol dictionary (ESD
table), RALF, 8-15

FAC (floating point accumulator),

BASIC, 6-80

FAD, (floating point addition),

SABR, 4-41

Fake indirects, SABR, 4-57

.FALSE, (logical value), FORTRAN
IV, 8-74 -

FDV (floating point division), SABR,
4-41

Fields, FORTRAN II

alphanumeric, 7-21, 7-24

mixed, 7-27
numeric, 7-21, 7-22
repetition of, 7-27
skip, 7-27

Fields, FORTRAN IV, 8-90

logical, 8-95

numeric, 8-92, 8-93

File gap on magnetic tape, 2-63

File manipulation with TECO, 2-

169,2-177
specification commands, 2-144, 2-

145
FILENAME pseudo-op, OS/8, 3-32
File names,
CCL nonstandard, 1-57

DECsystem-10, 2-117
FORTRAN IV, 8-8, 8-9

keyboard monitor, 1-32

OS/8 extensions, F-l
File Oriented Transfer Program

(FOTP), 2-97
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error messages, 2-108
input specifications, 2-97
load, 1-24

options, 2-104
output specifications, 2-97

File pages, Editor, 1-78

Files, BASIC, 6-60
formats, 6-95
statements fi-fil

Files, FORTRAN IV
file/option specification command,

8-10
output, 8-8

File specifications,

Command Decoder, 1-46

FRTS, 8-32

File transfers, DECsystem-10, 2-116
First pass assembly, SABR, 4-54
Fixed length ASCII files, BASIC, 6-

63
Fixed point, FORTRAN II, 7-8

FIXMRI pseudo-op, PAL8, 3-34
FIX, SABR, 4-42
FIXTAB pseudo-op, PALS, 3-34
FLAP/RALF assemblers

arithmetic operations, 5-2

data specification, 5-16
error messages, 5-37, 5-38

FPP mode addressing, 5-13
FPP operation codes, 5-6

hardware, 5-1

literals, 5-15
logical operations, 5-2

PDP-8 mode addressing, 5-6
PDP-8 operation codes, 5-4

pseudo-operators, 5-16, 5-39, 5-40
RALF features, 5-24
referencing memory, 5-22
statement syntax, 5-2

using assembler, 5-36
Floating point

arithmetic, FORTRAN II, 7-42
arithmetic, SABR, 4-40, 4-41

operations, BASIC, 6-80
routines, BASIC, 6-81
also see, FLAP/RALF; FPP;
RALF

FLOAT
function, FORTRAN II, 7-41
library subroutine, FORTRAN II,

7-47
SABR, 4-42

FLOT, SABR, 4-42
FMP, SABR, 4-41
FNA(x) function, BASIC, 6-39
FPP- 12 floating point processor, 8-1

FPP mode addressing, FLAP/RALF,
5-13

FPP.operation codes, FLAP/RALF,

FRTS (FORTRAN IV run-time sys-

tem), 8-"4, 8-32
background/foreground operation,

8-33

error messages, 8-38, 8-39, 8-40
option specifications, 8-35, 8-36

FSB, SABR, 4-41
Foreground/background I/O, FOR-

TRAN! TV R-^
FORLIB.RL (FORTRAN IV library

of functions and subroutines),
8-7, 8-40, 8-44

Format control characters, BASIC,
6-18

Formats,
assembly listing, PAL8, 3-7

DECtape, SABR, 4-48

error message, SABR, 4-46
stripped ASCII, FORTRAN II, 7-

24
FORMAT statement,
FORTRAN II, 7-17, 7-18, 7-21
FORTRAN IV, 8-89

Form feed, PALS, 3-7

FOR statement, BASIC, 6-27
FORTRAN library, 5-36
FORTRAN II,

calling, 7-1

character set, 7-8

compiler, 7-1

errors, 7-54
language, 7-8

load, 1-21

maximum size of program, 7-50
mixing SABR and FORTRAN II

statements, options, 7-2

program execution, 7-1

program segments, 7-51

FORTRAN IV, 8-1

compiler, 8-9

library, 8-40
loader, 8-20
paper tape loading instructions, 8-
- 124
plotter routines, 8-127
RALF assembler, 8-15
run-time system (FRTS), 8-31
source language, 8-65

FOTP- see File Oriented Transfer
Program

Functions

BASIC, 6-33, 6-39, 6-113, 6-114,
6-123

FORTRAN II, 7-40, 7-41

FORTRAN IV, 8-46
LAB8/E, 6-148
SABR, 4-44

FUNCTION statements,

FORTRAN II, 7-36
FORTRAN IV, 8-115
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Generating data, SABR, 4-22

GENIO, SABR, 4-47

.GE. (relational operator), FOR-
TRAN IV, 8-75

GET command, keyboard monitor,
1-37

Get function, LAB8/E, 1-34

Getting on the air with OS/8 BASIC,
6-148

G format conversions, FORTRAN
IV, 8-94

GOSUB subroutine, BASIC, 6-43

GOTO statement,

BASIC, 6-25

FORTRAN II, 7-29, 7-30
FORTRAN IV, 8-80

Groups, repetition of, FORTRAN
11,7-28

.GT. (relational operator), FOR-
TRAN IV, 8-75

H
Handlers—see Device handlers

Hardware bootstrap, 1-2, 1-3, 1-4,

also see Bootstraps
Hardware configuration, FLAP/

RALF, 5-1

FORTRAN IV, 8-1

H conversion (FORTRAN IV), 8-96

Header block, BUILD, 2-57

HELP command, CCL, 1-66

High common, SABR, 4-53

Histogram plotter example, FOR-
TRAN IV, 8-147

.
Hollerith, FORTRAN II

constants, 7-9

conversion, 7-26
strings, 7-42

Hollerith, FORTRAN IV
constants, 8-70
data, 8-96

Hyphen construction in BUILD, 2-41

IABS,
FORTRAN II, 7-41

SABR, 4-43

IF,

statement, FORTRAN II, 7-30
pseudo-op, SABR, 4-19

IFAD, SABR, 4-42
IFDEF pseudo-op (PAL8), 3-30

IF END# statement, BASIC, 6-65

IF-GOTO statement, BASIC, 6-26

IFIX,
FORTRAN II, 7-41

SABR, 4-42

IFNDEF pseudo-op, PAL8, 3-31

IFNZRO pseudo-op, PAL8, 3-31

IF statements, FORTRAN IV, 8-82

IF-THEN statement, BASIC, 6-26,

6-49
IFZERO pseudo-op, PAL8, 3-31

Image file. FRTS, 8-32

Implied DO loops, FORTRAN II,

7-18

Incore DATA list, BASIC, 6-75

Incrementing operands, SABR, 4-11

Increment values^

FORTRAN II, 7-18, 7-32

FORTRAN IV, 8-84

Index,
FORTRAN II, 7-30, 7-31

FORTRAN IV, 8-84
Indirect addressing, FLAP/RALF,

5-6

PAL8, 3-23, 3-27

Indirect commands, CCL, 1-56

Indirect references, ODT, 1-121

Initialization of TD8E system, 1-4

bootstraps, 1-7, 1-8

error messages, 1-6

Initialize function, LAB8/E, 6-127
Initial value,

FORTRAN II, 7-31

FORTRAN IV, 8-84

Input devices, BITMAP, 2-26
Input files,

BATCH, 2-1, 2-7, 2-8

Editor, 1-79

TECO, 2-133
Input/output
BASIC Run Time System (BRTS),

6-94, 6-96
list, FORTRAN II, 7-17
low speed, with EPIC, 2-86
SABR, 4-40
transfer microinstructions, PALS,

3-26

Input/output specifications,

CCL, 1-54

Command Decoder, 1-49

DIRECT, 2-77

FOTP, 2-97

RESORC, 2-121
Input/output statements
BASIC, 6-15

FORTRAN II, 7-16
FORTRAN IV, 8-101 through 8-

106
Input register sampling, LAB8/E, 6-

135
INPUT statement, BASIC, 6-15, 6-

19, 6-47

INPUT# statement, BASIC, 6-63

Input string, Command Decoder, 1-

45
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Inputting string data, BASIC, 6-47

Insertion commarfds, TECO, 2-150
Instruction codes, C-l
Instructions.

FLAF/RALF, 5-2

FORTRAN II operating, 7-1

PAL8, 3-6, 3-22
SABR multiple word, 4-34
e \ T>T> -i^:_ A 11 A in

Integer arithmetic, SABR, 4-43

Integer constants,

FORTRAN II, 7-8

FORTRAN IV, 8-67

Integer format, BASIC, 6-6

INTEGER function, BASIC, 6-37

Integer variables,

FORTRAN II, 7-10
FORTRAN IV, 8-71

INTEGR Library subroutine, FOR-
TRAN II, 7-49

Inter-buffer character string search,

Editor, 1-87

Internal statement number (ISN),
FORTRAN IV, 8-11

Internal subroutines, SABR, 4-24
Internal symbol representation,

PAL8, 3-14
Intra-buffer character string search,

Editor, 1-84

I/O—see Input/output
IOH Library subroutine, FORTRAN

II, 7-42, 7-48

IOPEN, SABR, 4-47

Library subroutine, FORTRAN
II, 7-42, 7-49

IPOWRS Library subroutine, FOR-
TRAN II, 7-49

IRDSW function FORTRAN II, 7-

41
IRDSW, SABR, 4-43

IREM function, FORTRAN II, 7-41

IREM, SABR, 4-43

IRFM -function, FORTRAN II, 7-41
IRFM, SABR, 4-43
ISTO, SABR, 4-42

Job status word, keyboard monitor,
1-37

K
KE8-E extended arithmetic element,

8-1

Keyboard Monitor, 1-30
commands, 1-35

file names and extensions, 1-32

permanent device names, 1-30,

system conventions, 1-30

using the monitor, 1-33

K (octal mode), SABR, 4-8

LAB8/E functions for OS/8 BASIC,
i; 11/1

examples, 6-135
function summary, 6-148
preparation, 6-125
support functions, 6-127

Labels,
PAL8, 3-6

SABR, 4-5, 4-6

LAP pseudo-op, SABR, 4-17

Large pages, TECO, 2-167

Leader/trailer code, SABR, 4-49

checksum 4~53

LEN function (string length), BASIC,
6-50

.LE. (relational operator), FOR-
TRAN IV,- 8-75

LET statement, BASIC, 6-15, 6-49

Levels of overlays, FORTRAN IV
loader, 8-20, 8-28

LIB8 (LIB8 relocatable binary tape)

load, 1-22

LIBRA (FORTRAN IV system li-

brarian), 8-7, 8-41, 8-126
Libraries, FORTRAN IV, 8-7, 8-40

functions and subroutines, 8-46
through 8-65

Library, FORTRAN II

error messages, 7-55

functions, 7-41

subroutines, 7-47, 7-48, 7-49

subprograms, 7-40
Library, SABR

programs, 4-71

subprograms, 4-39

error messages, 4-72

LIBSET (Library Setup binary tape)

load, 1-22

LINCtape bootstrap for PDP-12
systems, 1-9

system BUILD, 2-35
system software, 1-1

Line continuation designator, FOR-
TRAN II, 7-14

Line deletion, keyboard monitor-; 1-

34
LINE FEED key, 1-34

Line of text (TECO), 2-132
Linkage routines, SABR, 4-34, 4-62
CDFSKP, 4-35
SDZSKP, 4-35
DUMSUB, 4-36
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LINK, 4-27, 4-36
OBISUB, 4-36

OPISUB, 4-35
RTN, 4-37

Link generation and storage, PAL8,
3-35

Linking Loader, SABR, 4-62
error messages, 4-68
loading, 4-63
operation, 4-62
options, 4-63

Links, FLAP, 5-16
LIST and LISTNH commands,

BASIC, 6-56
LIST command, CCL, 1-67
Listing files, FORTRAN IV, 8-8
Listing suppression, PAL8, 3-30
Lists, BASIC, 6-30
Lists, FORTRAN II, 7-18

subscript, 7-11
Literals,

PAL8, 3-20, 3-21

PDP-8 code (FLAP), 5-15
SABR, 4^8

LOAD command, CCL, 1-68
Loader, FORTRAN IV, 8-20

error messages, 8-29, 8-30
image file, 8-4, 8-8, 8-23
run-time options, 8-25
image files, FRTS, 8-32
symbol map output file, 8-23

LOADER (Linking Loader binary
tape) load, 1-22

Loader relocation codes, SABR, 4-

49 through 4-53
Loading
BATCH, 2-21
binary output, 1-108
BITMAP, 2-26
EPIC, 2-83
EPIC from paper tape, 2-95
instructions, paper tape (FOR-
TRAN IV), 8-124

plotter routines from paper tape,
8-143

procedures, summary, B-l
RALF file (FORTRAN IV), 8-5
relocatable programs, 2-62
SRCCOM, 2-128
system from paper tape, 1-20

Location counter, resetting (PAL8),
3-29

Logarithm function, BASIC, 6-39
Logarithm, natural, SABR, 4-45
Logical constants, FORTRAN IV,

8-70
Logical expressions, FORTRAN rv,

8-74, 8-77

Logical fields, FORTRAN IV, 8-95

Logical operations, FLAP/RALF,
5-3

Logical operators, FORTRAN IV,
8-74

Looping commands, TECO, 2-155
Loops in BASIC program, 6-27

nesting, 6-29
.LT. (relational operator), FOR-

TRAN IV, 8-75
Low-speed I/O with EPIC, 2-86

M
Macro library management, TECO

2-175
Magnetic tape file names, 2-113
Magtape/Cassette Peripheral Inter-

change Program (MCPIP), 1-

15,2-110
binary tape load, 1-23

error messages, 2-113, 2-114, 2-

115
options, 2-112, 2-113

Manipulating DUMMY variables,
SABR, 4-12

MAP command, CCL, 1-69
Match control characters, TECO,

2-154
Maximum size of a FORTRAN pro-

gram, FORTRAN II, 7-50
MCPIP—see Magtape/Cassette Per-

ipheral Interchange Program
Memory addresses, PAL8, 3-10
Memory, FPP (FLAP/RALF), 5-13,

5-22

Memory reference instructions,

PAL8, 3-22
Memory reservation, PAL8, 3-30
Merging files with TECO, 2-169
Microinstructions, PAL8, 3-23
MI8-E hardware bootstrap, 1-2, 1-10
Mixed fields, FORTRAN II, 7-27
Mixing SABR and FORTRAN state-

ments, FORTRAN II, 7-50
"

Mnemonics for devices, BOOT, 2-33
Monitor commands, BATCH, 2-4
MPY, SABR, 4-43
Multiple entry points, FORLIB, 8-46
Multiple file specifications, Com-

mand Decoder, 1-45
Multiple record formats, FOR-

TRAN II, 7-28
Multiple word instructions, SABR,

4-34
Multiplication,

BASIC, 6-8

PAL8, 3-15
Multistatement lines, PAL8, 3-8
MUNG command, CCL, 1-69
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N
NAME command, BASIC, 6-59

Names _
of device handlers, BUILu, 2-34,

2-35 2-41

of files- FORTRAN IV, 8-8, 8-43

Natural logarithm function,

BASIC. 6-39

SABR, 4-45 -

.NE. (relational operator), FOR-
TRAN IV, 8-75

Nested DO loops, FORTRAN IV,
8-86

Nested literals, PAL8, 3-21

Nested loop commands,
BASIC, 6-29

TECO, 2-155

Nested pseudo-ops, PAL8, 3-31

Nested subroutines, BASIC, 6-45

NEW command, BASIC, 6-58

NEXT statement, BASIC, 6-27

Nonexecutable FORMAT state-

ments, FORTRAN II, 7-17

NOPUNCH pseudo-op, PAL8, 3-31

Normal exit, FORTRAN II, 7-31

.NOT. (logical operator), FOR-
TRAN IV, 8-74

Null extension, FORTRAN IV, 8-10

Null lines, SABR, 4-6

Numbers, BASIC, 6-6

printing format, 6-19

Numbers, PAL8, 3-9

Number sign (#),
CCL, 1-57

Editor, 1-78

SABR, 4-12

Numeric,
arguments, TECO, 2-160
characters, SABR, 4-4

constants, SABR, 4-7

conversion mode, SABR, 4-8, 4-17

field codes, FORTRAN II, 7-22

field specifications, FORTRAN II,

7-21

fields, FORTRAN IV, 8-92, 8-93

file format, BASIC, 6-95
input conversion, FORTRAN II,

7-23

O
OBISUB Linkage routines,

SABR, 4-36
Object files, FORTRAN IV, 8-8

OCLOSE subroutine,

FORTRAN II, 7-44

SABR, 4-47

Octal constants, FORTRAN IV,

8-69

Octal Debugging Technique (ODT),
1-113

commands, 1-115, 1-122
„~m~c 1 111
Wi A V/A i>, A ~ JL 1*1*

special characters, 1-115

techniques, 1-121

OCTAL pseudo-op, SABR, 4-17

ODT command, keyboard monitor,
1-40

ODT—see Octal Debugging Tech-
nique

Off-page references, PAL8, 3-35

OLD command, BASIC, 6-58

OOPEN subroutine*

FORTRAN II, 7-43

SABR, 4-47

OPDEF pseudo-op, SABR, 4-20

Operands,
PAL8, 3-6

SABR, 4-5, 4-7,4-11

Operate microinstructions, 3-24

Operations
algebraic, FORTRAN II, 7-12

arithmetic and logical, FLAP/
RALF, 5-3

Operators, BASIC
arithmetic, 6-8

relational, 6-10
Operators, FORTRAN IV

logical, 8-74
relational, 8-75

arithmetic, 8-72
Operators,
PAL8, 3-14, 3-15, 3-16

SABR, 4-5, 4-6

OPISUB Linkage routine, SABR,
4-35

Optimizing SABR code, SABR, 4-57

Options,Aoemp i.i'm

BATCH, 2-3

BITMAP, 2-27

CCC, 1-55

CREF, 2-69, 2-70
DIRECT, 2-78
Editor, 1-79

FOTP, 2-104
FRTS, 8-35, 8-36

PAL8, 3-2, 3-3, 3-4

PIP, 1-97 through 1-102

PIP10, 2-117
RESORC, 2-122
SRCCOM, 2-129
switch register, 2-60

OR, Boolean inclusive (PAL8), 3-15

OR group skip instructions, PAL8,
3-25

.OR. (logical operator), FORTRAN
IV, 8-74

Index—12



Output,
BITMAP, 2-28
CREF, 2-72
SRCCOM, 2-129

Output commands, TECO, 2-168
Output control, PAL8, 3-31

Output file name default, FOR-
TRAN IV, 8-8

Output files,

BATCH, 2-2

Editor, 1-79

FORTRAN IV, 8-2, 8-7, 8-8
FORTRAN IV loader, 8-23
TECO, 2-133

Output register, LAB8/E, 6-135
Output specifications,

DIRECT, 2-77
FOTP, 2-99
RESORC, 2-121

Output tape, binary SABR, 4-49
Overflow, FORTRAN II, 7-42
Overlays, BASIC, 6-66, 6-101, 6-122
BRTS, 6-72

Overlays, • FORTRAN IV loader,
8-20, 8-22

levels, 8-28
MAIN, 8-21

Packed 6-bit ASCII text strings,

SABR, 4-23
Page-by-page assembly, SABR, 4-32
Page format control, PAL8, 3-31
Page format, SABR, 4-33
Page manipulation commands,

TECO, 2-146
Page of text, TECO, 2-132
PAGE pseudo-op, SABR, 4-18, 4-57
Page zero addressing, PAL8, 3-27
Page reference, FLAP/RALF, 5-6
Page usage, BASIC run-time sys-

tem, 6-102
Paging mode, automatic, SABR,

4-33
PAL command, CCL, 1-70
PAL8 Assembler

binary tape load, 1-23

calling, 3-1

characters, 3-5, 3-18
coding practices, 3-36
error conditions, 3-40
link generation and storage, 3-35
memory reference instructions,

3-22

microinstructions, 3-23
options, 3-2

permanent symbol table, 3-41
program preparation, 3-37

pseudo operators, 3-26
restarting and terminating, 3-5
statements, 3-6

terminating assembly, 3-38
PAL8 pseudo-op handing, CREF,

- 2-72
Paper tape format, EPIC, 2-95
Paper tape loading instructions

(FORTRAN IV), 8-124
Paper tape option, EPIC, 2-84
Paper tape system building, 1-17,

2-36, 2-37
Paper tape system loading, 1-20
Parameters, SABR, 4-8, 4-10
Parentheses,
BASIC arithmetic operations, 6-9
Command Decoder, 1-50
FORTRAN II, 7-12
PAL8 3-20
PDP-8 expression (FLAP)

. Pass 1, 2 and 3, PAL8, 3-1, 3-37
Passing subroutine arguments,

SABR, 4-29
PAUSE

pseudo-op, SABR, 4-16
statement, FORTRAN II, 7-32
statement FORTRAN IV, 8-88

PDP-8 mode addressing, FLAP/
RALF, 5-6

PDP-8 operation codes, FLAP/
RALF, 5-4, 5-5

PDP-8/E interrupt system, 8-36
PDP-12 computer, 1^-26

PDP-12 and TECO, 2-182
PDP-12 system, bootstrap proce-

dure, 1-9

Period (.) character—see DOT (.)

character
Peripheral Interchange Program,

(PIP), 1-97

binary tape load, 1-23

error messages, 1-106 through
1-108

examples of specification com-
mands, 1-102

options, 1-98 through 1-102
Permanent device names, keyboard

monitor, 1-30, 1-31

Permanent symbols,
PAL8, 3-9

SABR, 4-9

Permanent symbol table,

PAL8, 3-11, 3-33, 3-41 through
3-44

SABR, 4-38, C-l
PIP—see Peripheral Interchange

Program
PIP 10 utility program, 2-116

binary tape load, 1-24
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error messages, 2-119

options, 2-117

Plot function, LAB8/E, 6-128

Plotter, FORTRAN TV
commands, 8-129 through 8-142

examples, 8-144 through 8-147

initialization, 8-142

loading from paper tape, 8-143
.. . .J.: o » it o no
ruuimes, o-iz,/, o-x^-o

Plotting routines added to FOR-
TRAN library, 8-142

PNT(x) function, BASIC, 6-21

POS function, BASIC, 6-53

Postdeletion, FOTP, 2-103

POWER routines, SABR, 4-45

POWERS Library subroutine, FOR-
TRAN II, 7-48

Predeletion, FOTP, 2-103

PRINT command, CCL, 1-71

PRINT statement, BASIC, 6-16,

6-19

PRINT# statement, BASIC, 6-63

Priority of arithmetic operators,

BASIC, 6-9

Program addresses, SABR, 4-38

Program assembly, PAL8, 3-36

Program correction, BASIC, 6-55

Program execution, BASIC, 6-3

Programming notes, SABR, 4-57

TECO, 2-164
Program termination statements,

BASIC, 6-14

Pseudo-operators,
FLAP, 5-16

FLAP/RALF, 5-40, 5-41

PAL8, 3-26

PAL8 conditional, 3-30

PAL8 nested, 3-31

SABR, 4-12 through 4-29, C-l

Pseudo-op handling, CREF, 2-71

Punch and Compare program—see

EPIC
PUNCH command, CCL, 1-71

Punched card program preparation,

FORTRAN IV, 8-1

Punched cards, 2-12

input file, 2-14

PUNCH pseudo-op, PAL8, 3-31

Put function, LAB8/E, 6-135

Q registers, TECO, 2-155, 2-156

Question mark (?) in ODT, 1-115-

wild character CCL, 1-55

R
Radix control

PAL8, 3-27

TECO commands, 2-164

RALF assembler, 5-24, 8-15

assembly error, 8-17

error messages, 8-20

FORTRAN IV files, 8-8

hardware configuration, 5-1

output, 8-3

programming notes, 5-30

relocation and linking of modules,
8-23

run-time options, 8-18

statements, 8-2

subroutines, 5-30

RANDOMIZE statement, BASIC,
6-35

Random number function, BASIC,
6-34

Range,
DO loop, FORTRAN IV, 8-84,

8-85

integer constants, FORTRAN II,

7-9

integer variables, FORTRAN II,

7-10
real constants, FORTRAN II, 7-9

READ statement,

BASIC, 6-22
FORTRAN II, 7-17, 7-19

FORTRAN TV, 8-101, 8-103

SABR, 4-40

Real constants, FORTRAN IV, 8-68

Rearranging files with TECO, 2-169

Record formats, multiple, FOR-
TRAN II, 7-28

Records, FORTRAN II, 7-18

Relational operators,

BASIC, 6-10
FORTRAN IV, 8-75

Relative origin, SABR, 4-49

Relocatable binary files, FORTRAN
IV, 8-8

Relocatable linking loader, SABR,
4-24

RELOC pseudo-op (relocation),

PAL8 3-33

REM statement, BASIC, 6-14

RENAME command, CCL, 1-71

REORG pseudo-op, SABR, 4-18

Re-origin, SABR, 4-51

Repetition,

of fields, FORTRAN II, 7-27

of groups, FORTRAN II, 7-28

Replacement operator, FORTRAN
II, 7-16

RES command, CCL, 1-71

RESEQ program, BASIC, 6-55

Reserving memory, PAL8, 3-30

Reserving words of core, SABR,
4-22

RESORC utility program, 2-121

binary tape load, 1-24
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error messages, 2-127
device types, 2-123
handlers, 2-125
options, 2-122

Restarting
EPIC, 2-84
PAL8, 3-5

OS/8, 1-29

RESTORE statement, BASIC, 6-23

RESTORE# statement, BASIC,
6-64

Restrictions,

BATCH, 2-13

CREF, 2-73

RETRN, SABR, 4-27

RETURN key,

PAL8, 3-7

SABR, 4-5

RETURN statement,

FORTRAN II, 7-36, 7-40
FORTRAN IV, 8-119

RETURN subroutine, BASIC, 6-43

REWIND command, CCL, 1-72

REWIND statement, FORTRAN
IV, 8-107

RF08 disks, 1-26

RIM loader programs, 8-2

RK8 disk bootstrap, 1-28, 1-29
RK8E disk bootstrap, 1-26, 1-27
Routines, BASIC floating point, 6-81
Routines, FORTRAN II, 7-44
Routines, SABR
DECtape I/O, 4-47
DUMMY, 4-29
ERROR, 4-46
LINK, 4-27
POWER, 4-45
RTN, 4-36
Utility, 4-45

Routines unusable by assembly lan-

guage functions, BASIC, 6-101
Rubout key,

BASIC, 6-2, 6-55
Editor, 1-84
keyboard monitor, 1-33, 1-34

RUN and RUNNH commands,
BASIC, 6-60

Run command, keyboard monitor,
1-41

Running TECO on PDP-12, 2-182
Run-time diagnostics, BASIC, 6-116,

6-117, 6-118
Run-time linkage routines, SABR.

4-34

Run-time options,

FORTRAN IV, 8-35
FORTRAN IV loader, 8-25
RALF assembler, 8-18

Run-time system,
BASIC, 6-71

FRTS, 8-32

RWTAPE Library subroutine, FOR-
TRAN II, 7-49

SABR assembler
binary tape load, 1-21

code optimization, 4-57

error messages, 4-60
mixing SABR and FORTRAN II

statement, 7-50
options, 4-2

permanent symbol table, C-l
programming notes, 4-57
sample listings, 4-53

SABR pseudo-op handling, CREF,
2-72

SAC (string accumulator) BASIC,
6-76

Sample function, LAB8/E, 6-130
SAVE command,
BASIC, 6-59
keyboard monitor, 1-38, 1-39

Saving BATCH, 2-21

Scalar table, BASIC, 6-77
Scalar variables, FORTRAN II,

7-10
Scale factors, FORTRAN IV, 8-94,

8-95
SCRATCH command, BASIC, 6-57
Search commands, TECO, 2-150
Search mode, Symbolic Editor, 1-82
SEG$ function, BASIC, 6-53
Semicolon use,

BASIC format control character,
6-18

FLAP/RALF, 5-2

PAL8 statement terminator, 3-7
SHIFT/0 keys in BASIC, 6-2, 6-55
SIGN function, BASIC, 6-36
Simple relocation, SABR, 4-50
Sine function, BASIC, 6-38
SIN function
FORTRAN II, 7-41
FORTRAN IV, 8-63
SABR, 4-44

Single character search, Editor, 1-83
Single quotes (') in Hollerith con-

version, FORTRAN IV, 8-97
Six-bit ASCII text strings, packed,

SABR, 4-23

Size of a FORTRAN II program,
7-50

SKIP command, CCL, 1-72
Skip fields, FORTRAN II, 7-27
Skip instructions,

PAL8, 3-25

SABR, 4-33, 4-37
SKPDF pseudo-op, SABR, 4-20
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Slash (/),

Command decoder, 1-49

FLAP/RALF, 5-3

FORTRAN II, 7-28

PAL8 comment field, 3-7

Slave computer, 6-124
Software distribution OS/8, 1-1

Source Compare Utility Program
(SRCCOM), 2-128

assembly, 2-128
error messages, 2-131

loading, 2-128
options, 2-129
output, 2-129

Source language, FORTRAN TV,

8-65

Source program,
FORTRAN II, 7-3

preparation, FORTRAN IV, 8-1

Space character
FLAP/RALF, 5-2

PAL8, 3-16

Special characters,

PAL8, 3-18, 3-19

SABR, 4-4

Specification statements,

FORTRAN II, 7-33

FORTRAN IV, 8-107
Specification strings, PAL8, 3-4

Splitting files with TECO, 2-169

Spool device files, BATCH, 2-2, 2-7,

2-8

Square brackets (D) characters,

Command Decoder, 1-50

PAL8, 3-20

Square root function, BASIC, 6-37

SQRT function
FORTRAN II, 7-41

FORTRAN IV, 8-64
?A«P A.AA

SQRT library subroutine, FOR-
TRAN II, 7-48

SQUISH command, CCL, 1-72

SRCCOM—see Source Compare
Utility program

START command, keyboard mon-
itor, 1-41

Starting OS/8 on
TC01/TC08 DECtape, 1-2, 1-3

TD8E DECtape, 1-4

LINCtape, 1-9

Statement field, FORTRAN II, 7-14

Statement label, PAL8, 3-9

Statement numbers,
BASIC, 6-13

FORTRAN II, 7-14

FORTRAN IV, 8-66

FORTRAN IV internal, 8-11

Statements,

BASIC, 6-12, 6-108 through 6-113

Statements, FORTRAN II

arithmetic, 7-16
control, 7-29
data transmission, 7-17, 7-21

input/output, 7-16

mixing SABR and FORTRAN II,

7-50
noneAecuLauic xrwivivir\x, i-n
specifications, 7-33

subprogram, 7-35

Statements, FORTRAN II

CALL, 7-39

CALL OPEN, 7-33

COMMON, 7-34

CONTINUE, 7-32

DIMENSION, 7-34, 7-36

DO, 7-30

END, 7-33, 7-36
EQUIVALENCE, 7-35

FORMAT, 7- 18, 7-21

FUNCTION, 7-36

GO TO, 7-30

IF, 7-30
PAUSE, 7-32

READ, 7-17, 7-19

RETURN, 7-36, 7-40

STOP, 7-33

SUBROUTINE, 7-38

WRITE, 7-17, 7-20

Statements, FORTRAN IV, 8-67

arithmetic, 8-77
,

assignment, 8-75;' 8-79

carriage control, 8-97, 8-98, 8-99

control, 8-80

data transmission, 8-88

device control, 8-106

input/output, 8-101 through 8-106

specification, 8-107

summary, 8-121 through 8-124

type declaration, 8-114

Statements, PAL8, 3-6

Statements, SABR, 4-5, 4-27

Statement syntax, FLAP/RALF, 5-2

Statement terminators, PAL8, 3-7

Statement types, FORTRAN II,

7-15

STO, SABR, 4-42

STOP statement,

BASIC, 6-14

FORTRAN II, 7-33

FORTRAN IV, 8-88

Storage,
common, SABR, 4-21

conserving space, FORTRAN II,

7-35
location, FORTRAN II, 7-35

Storage specification, FORTRAN
IV, 8-107

Index—16



STR$ function, BASIC, 6-52
Strings, BASIC

array table, 6-79
concatenation, 6-50
conventions, 6-46
handling functions, 6-50
storage, 6-74
symbol table, 6-78

Strings, Hollerith, FORTRAN II,

7-42
Stripped ASCII format, FORTRAN

II, 7-24

SUBMIT command, CCL, 1-72
Subprogram library, SABR, 4-39
Subprograms, FORTRAN II

external, 7-35
function, 7-36
library, 7-40
subroutine, 7-37

Subprogram statements,
FORTRAN II, 7-35
FORTRAN TV, 8-114

Subroutines, BASIC, 6-33, 6-43
nested, 6-45
BRTS, 6-85

Subroutines, FORTRAN II

chaining, 7-51
closed, 7-35
library, 7-47
subprograms, 7-37

Subroutines, FORTRAN II

CHAIN, 7-44
EXIT, 7-44
IOPEN, 7-42
OCLOSE, 7-44
OOPEN, 7-43

Subroutines, FORTRAN IV, 8-46
through 8-65

Subroutines, PDP-8 mode, 5-30
Subroutines, RALF, 5-29
Subroutines, SABR

argument passing, 4-29
external, 4-25
internal, 4-24
linkage code, 4-52

Subroutines, SABR
CKIO, 4-46
EXIT, 4-46

SUBROUTINE statement, .

FORTRAN II, 7-38
FORTRAN IV, 8-117

SUBSC, SABR, 4-43
Subscripted variables,
BASIC, 6-30
FORTRAN II, 7-11
SABR, 4-43

Subscript list, FORTRAN II, 7-11
Subscripts,

BASIC, 6-31

FORTRAN II array, 7-34
FORTRAN IV, 8-72

Subtraction,

BASIC, 6-8

PAL8, 3-15
Suppression of

listing, PAL8, 3-30
printed error messages, FOR-
TRAN IV, 8-13

Symbol definition, SABR, 4-20
Symbolic address, PAL8. 3-9
Symbolic Editor, 1-78
commands, 1-93 through 1-97
error messages, 1-89
key commands, 1-80
options, 1-79

search mode, 1-83

special characters, 1-81
Symbolic instructions, PAL8, 3-13
Symbolic operands, PAL8, 3-14
Symbol map output file, FORTRAN

IV loader, 8-23
Symbols,
PAL8, 3-9

SABR, 4-9, 4-10
Symbol table, C-l
BRTS, 6-73, 6-76
PAL8, 3-11
SABR, 4-38

System build instructions, BASIC,
6-119

System conventions, keyboard mon-
itor, 1-30

System devices
for cassette build, 1-12,
for paper tape build, 1-18

System tape processing, nonstandard,
1-5

Tables, BASIC, 6-30
Tabs,
FLAP/RALF, 5-2
FORTRAN II, 7-15

Tabulations, PAL8, 3-7
TAB(x) function, BASIC, 6-21
Tags, FLAP/RALF, 5-2
TAN function,

FORTRAN II, 7-41
FORTRAN IV, 8-65
SABR, 4-45

TC01/TC08 systems software, 1-1,
1-2

TD8E DECtape system,
bootstraps, 1-7, 1-8

error messages, 1-6

initialization, 1-4

software, 1-1
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TECO command, CCL, 1-72

TECO (Text Editing and Correcting)

program, 2-132

arunineui; upciaivn, *.-i-v->

assembly instructions, 2-183

branching commands, 2-157

buffer pointer manipulation com-
mands, 2-147

character set, 2-142

command loops, 2-155

command summary, 2-179 through

2-182

conditional execution commands,
2-158

deletion commands, 2-149

error messages, 2-167, 2-184

examples, 2-167 through 2-177

file specification commands, 2-144

incompatibilities with DECsystem-
10, 2-178

insertion commands, 2-149, 2-150

introductory commands, 2-132

large pages, 2-167

match control characters, 2-154

numeric arguments, 2-160

page manipulation commands,
2-146

programming aids, 2-164

Q-registers, 2-155
retrieving lost files, 2-177

running on PDP-12, 2-182

search commands, 2-151

techniques, 2-169

text typeout commands, 2-148

Terminal value, FORTRAN II, 7-31

Terminating PAL8, 3-5

Termination of assembly, PAL8,
3-38

Terminators, PAL8 statement, 3-7

Text buttci, iiditor,

Text collector, Editor, 1-82

Text Editing and Correcting pro-

gram—see TECO
Text mode, Editor, 1-80

TEXT pseudo-op, SABR, 4-23

Text strings, packed six-bit ASCII,

SABR, 4-23

Text strings, PAL8, 3-29

Text typeout commands, TECO,
2-148

Traceback feature, FRTS, 8-37

Transcendental functions, BASIC,
6-38

Transfer vector, SABR, 4-53

TRC(x) function, BASIC, 6-42

TRIG library subroutine, FOR-
TRAN II, 7-49

.TRUE, (logical value), FORTRAN
IV, 8-74

Truncation,
FORTRAN II, 7-10

FORTRAN IV, 8-48, 8-59

Trnth table for loeical expressions,

FORTRAN IV, 8-77 .

Two's complement addition and sub-

traction, PAL8, 3-15

Two-word block, SABR, 4-27, 4-29
np J -,~„+„~ C4PP A.lf.
1 WU-WUIU VCUU1, V." »"«! -r -'•J

Type classification, FORTRAN IV,

8-71

TYPE command, CCL, 1-72

Type declaration statements, FOR-
TRAN IV, 8-114

Typeset pseudo-operator, PAL8,
3-32

Typing error, BASIC, 6-2, 6-55

U
UA, UB, UC commands, CCL, 1-74

UDEF function, BASIC, 6-41

Unconditional GOTO,
FORTRAN II, 7-29

FORTRAN IV, 8-80

Underflow, FORTRAN II, 7-42

UNLOAD command, CCL, 1-74

Uparrow (t) command decoder re-

sponse, 1-21

User assembly language function,

BASIC, 6-91

User-defined functions, BASIC, 6-39

User defined symbols,

PAL8, 3-9, 3-11

SABR, 4-10

User service routine,

called by PAL8, 3-32

USE statement, BASIC, 6-93

USR and device handler, SABR,
4-60

Utilitv commands, 2-1

UTILITY library' subroutine, FOR-
TRAN II, 7-48

Utility routines, SABR, 4-45

V
VAL function, BASIC, 6-52

Variable length files, BASIC, 6-62

Variables,
BASIC, 6-8, 6-30, 6-48, 6-73

FORTRAN II, 7-9, 7-17

array, 7-11

integer, 7-10

maximum, 7-24

real, 7-10

scalar, 7-10
subscripted, 7-11

FORTRAN IV, 8-70

SABR, 4-12, 4-43

VC8-E display control, 6-124
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VERSION command, CCL, 1-74

Version numbers, OS/8, H-l

W
Wild card construction,

CCL, 1-55

DIRECT, 2-77
Wild field, FOTP, 2-97
WRITE function (SABR), 4-40
WRITE statement,
FORTRAN II, 7-17, 7-20
FORTRAN IV, 8-101, 8-104

WTAPE routine,

FORTRAN II, 7-44

SABR, 4-47

X
,XOR (logical operator), FORTRAN

IV, 8-74

Z character, FLAP/RALF, 5-6

ZERO command, CCL, 1-74
Zeroes, leading/trailing FORTRAN

IV, 8-66, 8-68
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